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Beer_niy be, and generally s defined as an aleaholic beverge made by the

fetmentation of a fariitieeous extract which is obtained from a starehy raw material,

barley (used in the form of malt).  Although it is possible to replace some part of the
barley with other starchy material, eg, corn, rice, wheat, oats, or potatoes, barley is
always the main constitient of brewing materials.  Between the ripe barley grain

and

the cool, satislying glass of beer there are many production steps, involving some

of the most difficalt diseiplines of physical science.  Despite all that scicnce has
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298 BELER .AND BREWING

accomplished for brewing in the last hundred years, there are, nevertheless, many
fields in brewing which depend on knowledge acquired empirieally through gencrations.

The making of alcoholic beverages is nearly as old as mankind itself. Wherever
any form of culture was ecstablished, people discovered how to make some type of
fermented drink, and-in carlier stages always from some naturally found sogar-
containing material, such as the agave juice of Mexico, the juice of the sugar maple,
the juice of grapes, or honey from wild bees,  The making of beer demanded a higher
form of ¢ulture, however, hecause the people had to establish themselves as agricul-
turists and produce some sort of grain.

Barley was undoubtedly emplayed in the preparation of fermented liquoers Toug
before the dawn of recorded history, espoeially in places where it was the chief cereal
used for fond.  Beer is known to have heen widely used as oo deink in anciend Egypt
and has been traced back to the age of the pyramids, some four or five wmillennia BC,
but recent investigntions sugeest that the Py plinos eavmad the art of aaking beer

from the peoples of the valleys of the Tigris and Euphrates, where beer played a :
large part in the domestic cconomy 5000 to 7000 years BC. Barley was the pre- ,
dominant cereal of the ancient world, the hasis of barter and exehange in Chaldea }
3000 to 5000 years BC, and when displaced by spelt for bread making, it siill retained !

its precminence as the raw material of brewing and has continued to do so except in
countrics where the abundance of rice placed that cercal in an unassailable position
as the source of the national fermented beverage.  The use of barley for brewing is,

however, not based on traditional usage alone. 16 has teehnical advantages which w
e

place it above all other cereals for that purpose.  Barley dilfers from the other com-

mon cereals jn that the husk adheres to the kernel after threshing, as it does i sn_éit./ f
wheat being a_mugh later Taborsaxing introduction.  This renders the processes of '
1_|}u1 ing and subsequent extraction ol the lermentable products_much . casicr LIy
with wheat or otfier pratus.  Barley grows well in countries in which the ving, rice, or
palin cannot be cultivated” Since it is a storchouse ol starch, whieh ean be converted :
readily and naturally to {fermentable sugars, together with proteins, ash, and other )

valuable constituents, it is the logical source mwaterial for the national heverage of
these countries.  Sec also Alcoholic beverages, distilled.

Types of Beer

Lager Beers.  These beers are sonamed beenuse they are phored or laygered wfter
fermentation in gold storehouses for clurification and favor purposes.  They are also [
known as Qolfomefermenfed, beers beeanse the type of yeast used in their production
fulls to the bottom of the tank at the end of fermentation.

The various types of lager beer inelude Pilsener, Dortmund, and Munich, named
after the German eities in which they gained prominence; malt tonics which are low !
in aleohol but wiich have high nutritional value with their Irge amounts of iron,
phosphates, and vitamins; and steam beer which is a highly efferveseent (due to its
high carbon dioxide content) tart beer found mainly in California,

Litsener or light beer.  'I'his is a pale beer which ean be characterized as having a >
medium hoppy taste. It conlains 3.0-3.8% aleoiol by weightl, and is lugered for
two to three months,  The brewing waters for this type of beer ave soft with only
sl amounts of salts.  Some 70-80%, of all beer constumed in the workd is of this

light-lager type. Near beer, o mild beverage containing 0009, aleohol by weight, is
uklde by reducing the aleohalic content of pilscner heer by a distilladion process.




R e e e

Yol. 3 BELR AND BREWING 299

Sinee the American public expeets beer to be sparkling clear, and to remain so
even when ice-cold, and since the distribution of beer from coast o coust under varying
climatic conditions demands an exceeptional colloidial stability of thic beer, o pilsener-
type beer with superior stability has become the standard type of American heer,

o, This 18 also a pade beer but with less hops than pilsener but more
body in taste,  The aleohol content is 3.0-3.8%, by weight; SL()]"LgC time is from three
to four months, The lmw with rather lavge amounts ol car-
honates, sulfates, and ehlorides.

Mungch beer, Munich is a dark-hrown aromatic heer with a full-bodied, slightly
sweeb taste, Tt is only mildly hopped. The alesholie content is from 2.5-5.0% by
weight and the storage time is from three to five months,  The hrewing waters have
wany carbonates but only small amounts of other salts. DBoek, Salvator, and
Wiirzhurger heers are Muinch-type beers. —

Bock beer g seasonal hevernge made with LW&@M%@L& is
tradlitionndly brewed in the winter 1o he brought out in the spring. Tt is regarded as
too sautiating for all year consumption,

Ale,,  Aleis an English-type malt bevernge made with fop-fermenting yeast. Tt s
pale with a prouounced hops taste and aroma with 4.0-5 0%, alcohol. In Burton-on-
Trend, Ingland, where the bist, ales are made, the brewing water is very vieh in caleinm
sulfate; in other aleamaking places it is usual to “hurtonize” the water by adding
caleium sulfate. In addition to the amount of hops used in the brewing, more dry
hops are added during storage in order to give the proncunced hop armina in the
finished beverage.  There are two Kipds of ale—pale or bitter ale and mild ale; bitter
ale is strongly hopped and has a dry taste whereas mild ale is sweeter tasting.  The
famous Tnglish “half and half’* is half bitter and half mild ale.  In England the word
beer is used as a general term but most often the beverage referred to is ale.

Top-Fermenting Beers. DBeers made from top-fermenting yeast inelude porter,
slout, weiss-beer, which is u pale tart beer made from wheat mualt, and lambic heer
from Brussels.

Porter.  Porter is a daglchrown, full-bodic o withoa heayv an, [t is less
hoppy and slightly sweeter in taste than ale; it contains 5% aleohol hy weight.
Porter is made with some dauk or black malt.

Stont, Stout is o ver L@}chcwmh-a-snm_glu,hﬂy_bwmhw strong
malt flavor. Tt is hieavier than porter and is strongly hopped. It containg 5-6. —0.5%,
aleohol by weight,  Storage thue 3= up to six months and fermentation usually goes
o in the bottle, Dy nad sweet stout are brewed, the difference being in the mainounts
of black mudt mn'zm%-‘l mnlt Ll Lops used. , :

Lambic beer.  Lambic beer, made in Brussels, is one of the few top-fermented
heers still rewed in Belgium, Tt 38 made from 609 malt and 40%, unmalted wheat
The beer i strongly hopped, and fermentation is spontancous with wild yeasts, lactic
aeid bacteria, and brettanomyees.  Fernnentaution and stornge tuke place in the same
vatd nnd the beer s kept there from Gwo to three or more years.

Al one time there was o elear distinétion between beer and ale. In 15th century
Fngland, ale was o heverage which was strong in aleoholie content but which did not
contain hops or any other herbs,  In later yoars ale and beer were so designated ac-
cording to the type of yeast used, top-fermenting yeust for ale and bottom-fermenting
yeast for heer, This distinetion still holds Grae today although through modern
seientific advanees it is now possible Lo produce ale and beer In various ways and so
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Tk I T

botlom-fermenting yeasts ave often used to imake ale in the U8, and stout and porter
it Denmark.

e

!: Brewing Materials 1
I Barley Malls (sce also Malts wwbinalting).  Barley, Uie prineipal vaw nuterial of i
%ﬁ i * heer, may have cither two or six rows of fertile kernels and also varies in many other '
§ |]i,| qualities so that there wre several thousands of forms throughoul the world,  1ou-
? ropean brewertes use abnost exelusively two-row harleys, whereas in Ameriea the six-
‘I g row harleys are mainly used.  The two-row harleys wee vicher in extract W the six-
2 row, hut the latter are richer in enzymes and play a vole when lurge amounts of adjuncts
W arcused,  See Table 1 Tor an analysis of two-row and six-row harloxs (1).
'3;. I !
b Table I General Analysiz of Buarleys .
3 % T'wo-raw Bix-row
' iw'm [é‘-’j ot ttpte by starch, % (0 ' 52 o
: kil Fmar (Lw(?—) BgRrs, Yo . . 2.5 2.5
J t' g 'f . hieinicelluboses, pecting, vte, 9, g !.l
", --ﬁ""zyr-—’@,%f aech he velluloge, % 4 7 |
t ’ i§5 o er lignin., % 1.9 ] 3 !
! protein and other nitrogenous sub-
gt /49"!5114:65 ) stunces, %, i Bl ||
£ 30, (s —~ h-‘-va’7 fat {ether extract, traces of resing). 9%, 2.5 2.5
n - o _f. ash, .% 2.5 3 .
‘ { l' P £Ages thnm, o sl quantity amall quantity '
11 [prele 2 guamdeTwter, 10 10
- l-:_ ){lmfc?//.,,/ruc; '
H f.L (U.M 'ﬁ,, During the malting process the raw, hard, flat-tasting barloy s changed to a
i3 g ' “erisp, mellow, sweet-tasting malt. [ earlier times a separate malthouse was always 5
R it part of the hrewery, hut this has changed and today muny breweries, espeeially in fo"’ .
' 3 fE' the U8, buy all their muI.t from special malteries, . _ _ ﬂkmr"‘“ ' é«
A8 ;i The germ is only a small part of cach l)m.'lev kernel, the rest being proteinaceous 3% cAws”
! i eell tissue, filled with starch which is reserve nourishment for the young plant (see = e
g'kl also Cereals). However, the star ateins, which constitute the formentable €f !
i ):2. exbract, are not diveetly soluble in water) { The aim of malbing is o form by menns ol
-‘ .?} germination subslances, bhe so-called enzymes, \s'lnil,'h__will der help bo bresk down '
3.0 . stareh and proteins to less complex compoundi T Which ave soluble i _waler) When

s
i
j‘%
A

RT 14 ,{ W these substances are (h alved in water, the waullmg ll([lll(l [ knm_u 18 worl;

Brewers are especially mtm(\st(‘d in the starch=splibbing amylasos. They are
formed m barley during germination, hut their pcund] of reaction gowmes during the

X
g ‘
9 {
R W M A . .. . Lo - !
#E ! mashing.  The protein-splitting enzymes, the profeasesy are formed and react during
F L _ A \ - . . e T
I3, ;‘} a‘il‘“ﬂ' T mormination so that some of the proteins of the barley ave split into compounds 1
> e —— e ——— . .. " . .
! ” more or less soluble in water. In addition to the prateases theve s another group of .
‘ cnzymes, the hemicellulases, whiel split the cell tissue, thereby leaving the sturch ’
open to abliek by oy lses, ,
The character of the malt plays o large role i the beer that s 1o be produced.
The two extremes in mait elaracter are veflected in pilsener and Munich beers.  For
pilsencer beer a pale malt with no pronounced wroma must be used ; the drving of malt
tukes some 20 to 24 hr ending with temperatures of 80-90°C (175-195°1), Munich,
P:lflr”-,' Js Ma~c h
: 1
!
] L
2l i
‘;;.t! €
. ’
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{ the darker type of heer, demands malts with o pronounced aromas in this ease Lhe 4

| drying takes up to A8 hr ending with tewmperatures of 100-110°C,  Although the .

i wader eontent of the final madt in all eases is 547, the interplay of water contend and il

| temperature during the drying is of- fandameniad nuportance for the character of the ;i

| malt.  'The pule malt must be dried down fast to the linal temperature; the dark malt

: must have a suitable high waler content when the temperature rises.  Speeial malts J‘,J > 4

' such as caramel and black are used for the production ol dark heers. They have 57%*“’ g

i profouneed eolor and aroma but little or no dinst®tie power,  ‘Table 2 gives an analyss
of various kinds of malt used in different heers (2).

b
‘ Table 2. Analysis of Malt

Dianigh

Pilsener Munich Pilsener Munich Pnglish

l mnisture, ©g .l 4.2 a8 21 R g )
extract, s 78.0 77.0 0.7 T2 82.6 i

eeilorh 2 11-14 3 10 L '

diastatic aelivity, W—IX 300 H) 200 [ 230

protein, % on dry 114 1.4 10.1 151 0.0

predein, 96 anl 1.2 3.8

permanent sol profein, % of {otal 37.3 33.0 37.h 36.0 4415 '

(]

" See papge 317,
b According to the Furopean Brewery Convenlion, -

Adjuncts.  Adjuneis in dhe form of cereal proditets are often o part of the brewing
materials used in the produetion of the very stable, nonsatiating, sparkling beers pre-

thaiiare necessary for the splitting of the available stareh, the mixing of malt with
larger or smaller amoun®s of unmalted, starchy maferind is widely used today, Dy %
A

using adjunets, it is also possible to add sugar directly during various steps of t.hv/;f” .
e PR

brewing, instead of procuring fermentable sugar through the splitting of stareh doring,

mashing.  Since adjunets are essentially h[‘.ll(,[‘l th very !i“.‘](, prodein LW_V :/:/, ) |
are i source of additional aleobol, bul,_olherwise econtribute litdle Lo the color, taste, =
e i s L ME

—_—

aroma, or protein content of the beer.
jorn (Zea mays), the greatest source of cerenl adjunets, is milled in two ways—
wet or dry. BMilling removes as muel as possible of the germ and hask i which most, . I A
of the Tatty oil, present in amounts up to 7%, is loeated.  Refined grits, oblained :
from the wet milling of corn, is the highest yielding and porcest cereal adjunet. Clora il
grits, obtained by dry milling, is the most commonly used cereal adjinet. Rice i
) has satisfactory brewing qualitics and can be used together with or instend of corn

grits, depending upon availability and priee. Jilo grits (sorehum) and cassayg N
!muninc) have proved to be acceptable substitutes during grain shorlages,  Wheat, | -
unmalted barley, and potato stareh have been used only in limited amounts and with i
) ! limited success. Brewlng sugar and syrups are excellent. brewing maierials when 1
properly prepared and free from iron.  Sovboans are often added in small amounts.
! Soybeans appear to aid in the nourishment of the yeast and improve fermentation; ) ‘
they contain rather large amounts of various 13 vitamins, ,
Besides the qualitative axpeel, the use of adjunets also has an eeonowie aspeat in '

» havley mall.

that the various nnmalted cercals are usually cheapoer

ferred by the American consumer,  Sinee barley malt usually contains more enzymes I
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Hops. By hops the brewer understands the blossoms of the female hop plant,

which grows wild in North and Middle Europe, North Asia, and North Ameriea.

The hop plant is perennial and produces a new vine each yeanr.  New hop gardens are

grown from cuttings of underground runners, which are planted 7-8 {t apart with 1

approximately 700 “hills” to an aere.  ach hill eonsigis of 4-6 cuttings, from which

vineg are tradned to climb on strings 4o overbead wive rellises.  The hop plant s

. valnerable to inseet and blight atiack unless carefully -sprayed and tended.  The
oldest and most famous centers of hop cultivation are Saaz in Bobemia, Tallertau in

Bavaria, and Kent in England, but excellent hops are now grown in the states of ]

California, Washington, and Oregon in the United States, ag well as in Belgiam,

France, Yugoslavia, and Russia,  Great care is taken to suppress the growth of male

hop vines in the vicinity of hop gardens since sceding is undesirable.  Seeds do not

contribute anything valuable to beer and may inerease the weight of haps by 2577,

HSecdless” hops are defined as those having less than 3%, seeds and arve sold st preminm

prices.  In August the erop is ripe and ready for picking,  “T'he hop cones are picked :
hy hand or by machine and are (hic‘d in layers of about 60 ¢m at temperatures near ]
55°C in kilns with artificial drafts. Tt is often a common practice to burn sallur

Under The Rt preserve- the grech color of the hops.  ‘l'able 3 presents the com-

E position of hops (3).

Table 3. Composition of Hops

Peereent of
Component toand weight

water 12,50

2
ash 7.

3

7

oo
.h-..—o..-a -

raw cellulogse
proteing

ethereal oil 1),
ether extract {(mainly resing) 18.:
tannin H
profeinfres extrach subalanees 27,

[Ty R

oy R}

* Would be closer 10 8%, in Amertean praclice. i

5 v . ; . I - .
K 'ﬂmjan-dﬂ'i The efle addition of hops are multiple.  Originally the principal nim was
JocK.r9 n compensate Lhe in¥pid sweet tasie of e unhopped beer wilth the charneloristic
hitter taste and aroma of thn hops.  However, nthm considerations later hoeame -

app: wenit; the hiolopical s el reten-

The amount of hops added varies from 40100 g/hd (hocfﬂ[\tm) Tn the original
pilsener beer the amount is about 400 g, but clsewhere nnch smaller amounts are I
used. The amount of hops/hl of finished beer is decreasing all over the world.  In
the U.S. it has gone down from 175 g/hl (.46 1h/bbl) in 1946 to 130 g/l (0.345
Ih/bbl) in 1957, and i Denmark the picture 18 very much the same, the avernge ) ﬁ;’{;;ﬁ
amaount, being about 120 ¢/hl. _ 52 L"(

By far the most important constituents of the hops are the bitter Sll!lHlulltt(‘S,
humulone, lupulone, and their transition products, which give beer its charncteristic
iaste; morcover, il is said that lupulone has a weak aroma which is earried over into
the heer.  The antiseptic effeet of hops, especially marked against beer sareifis and 7~

LRI
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nt, other bacteria, is due to the bitter substances, above all the humulone and its transition ¢ IM
it ‘ \:\,abt' products.  Because of the colloidal nature of the bitter substances, and their great " L"}
e ' \(\(‘\H swrface aclivity, they contribute to the body and foam head retention of heer.  Like fé ,ay
ith \I.\ T Sthieal - oils, those of hops_arce volatile and disappear almost completely during
""l' ! the brewing process unless fhey are ddded shortly before the end of the boiling step.
15 | The content of tannin in hops has some significance in that it eombines with proteins
I"“- R of the wort, to form nonsoluble substanees, thereby contributing Lo {he precipitation
- ‘, during boiling of the wort. Seme of these substances do not precipitate untib very low
of : temperatures are reached and then they are very finely dispersed; they may be
m, i the eause of turbiditics in beer. IDuring the last ten years these bitter substances
nte ! have been investigated thoroughly and their composition as determined at the present
ot ’ time is a-acids (cohumulone, humulene, adhumulone), g-acids (eolupulone, lupulone,
o ‘ adlupulone), and soft and hard resins.  a-Ackls are responsible for 85-05%, of the
i ' bitter effect of hops in that during the boiling they ave trapsformed into iso- a-peids
ol Gsocoliumulone, isohumulone, and isoadhumulone}, which ae the most important
ar bitter substances of the heer,  The rest of the bitternéss of the beer is due to the soft
ar ' and hard resing; the g-neids under normal conditions are not converted during boil-
- : ing and do not contribute anything to the hitterness of the finished product. Table
. 4 shows the utilization of the e-acids.
! Tauble 4. Txample of the Utilization of e-Acids .
- Amount ol a-acids,
Place of utilization L e o M.P’ mg/liter
—_— : in hops (op \S.I' T 72.1
in hopped wort 39.8
inn green heer with flocculating yeast 33.9
in green beer with nonfloceulating yoeast 30.9
in unfiliered beer after storing 31.0
in bottled and pasteurized beer 30.5
_ Formerly, it was normal o examine the hops by hand and rale them on ap-
pearance and odor, but today hrewers measure c-acids chicfly, and on the basis of
. these measurciuents decide on the hop rate to use.
NS During the last forty years there have been more and more experiments done in
e Iuvope using concentrabed hop extract instead of fresh hops, bul use of hop con-
me ‘ centrates or extracts plays litle or no part in American praclice.
T Brewers Yeast., Yeast (qv) for brewing may be propagated from single cell
cultures (pure eultures) but it usually is recovered after fermentation is completed and
wl | then_used —over _again for many generations. Smaller breweries may buy process-
e yeast from other breweries.  There are two types of yeast used in brewing—-lop yeast
In which forms spores, ferments vigorously at clevated temperatures, and tends to
S . float on top of the beer and Lottom teast which does not usually form spores, is well
T ' adapted to slow fermentation at low temperature, and settles to the bottom of the
tank at the end of fermentation.
8, ) ' Different races of yeast, whether {hey are pure cultures or eonstituents of an
{ie V),u«-‘ ordinary mixed pitehing yeast, can be distinguished by the rate at which they ferment
Ho J T or the degree to which they will attenuate wort under normal econditions.  The latter
el does not imply that the yeasts actually have different attenuating powers since they

+*
i
¥
4
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will ferment wort to the same extent if kept in suspension by continuous shaking, as
in the experimental method for determining lmiting atienuation.  “Uhisis a lunetion of
the composition of the wort and not of the yeasts themselves,  “Plie differejce depends
on the floceulati ropertics 1 yeasts.  Some tend to loceulate in the wort and
the rapid stream of gas bubbles evolved in top fermentations brings the small clumps
to the surface. Fermentation would consequently ccase unless the heads so formed ‘
were roused (vigorously mixed) back again.  Others remain suspended in _&_mor:
diserete or, i slate_throughout the fermeutation_pud fully stienmnie

o T T I S o

finely divider
the wort, with fittle or no rousing.  "There is this o reciprocal volution hetwoen [loe- 7;
culation and atientuation. "This is exemplified by two Types of yeast in Fanglish .
WEWETICS, W are often described as fust and slow yeasts.

Similar differences characterize the two types of bottom-fermentation yenstis, é‘,’/'?cl;m

named after the weakly attenuating Saaz and the strongly attenuating Frohberg {
veasts, The former floceulate veadily and are known as “hreak’ yeasats, while the f
latter, “dusiy™ or “powder™ yeasts, remain suspended in the worts, The latter are t
preferred for beers that must be fully altenuated and very stable in trade.
Brewery yeasts have generally all been regarded as varieties or races of Sae- “
charomyces cerenisiae, but Stelling-Dekker considered that the top~ and bottom- ;
. fermentation yeasts wore specifieally different and classified them as S, aerepistan and )
' S. earlsbergensis, respeetively.  Mendlik suggested that they have arisen as the 1
result of o process of selection in a yeust that originally contained_both types.  As i
aresutt of the low-fermentation temperatures used in lger hreweries,_certain types ;
persisted while others which preferred Tiphor temperatures were gradualdly eliminated b
uitil only the former were lefu to form the bottom yeasts now in use.  Both species :

include many races, which have been separated as pure strains and, henee, are known
as eulture yeasts,  The characteristics oF The Taoes of . carlsbergensis are hy far the
hetter known as pure cultures are more generally employed in bottom-fermentation
breweries,  Various strains of both yeast types have individual flavor ehaineteristies.
Brewers yeast, therefore, is not selgeted solely on i basis of fepmenting power hut,
decidedly on the flavor it gives hoor, T

Water. 1t is o well-known fact that the brewing waler has great. influence on the
character of the heer and, likewise, thad, Lhe }lﬂffhlﬂw\__,_b,uf.w;_n:mifust.s itsell e
crenter or legser alkalinily towards the weak nons of bhe mash; aceordingly, i is o ‘
question of pll.

The brewing water plays so large o vole that some of the world's hest-known beer
types, sueh us Pilsener, Muniel, Dortinuider, and Burton Pale Ale, owe their reknown
to the special propertics of the water used in their production.  Today it is ossible,
thanks to the recognition of the influence that the mimneral constituents of the \water
exercise on beer during its production and to the development. of suitable methdds of .
water treatment, Lq_,pl_'gwcermin water for the production of a certain{ beer
Lypg. Table 5 lists the mineral Gontont of waler Invarions hrewing eeitters in the
U.S. and Europe (4).

Long before the concept of pli was kuown, the influence of the minerals of the
water was empirically demonstrated in the varions methods of proditetion of hotl %

:

' \J(‘
malt and beer. A water with o barge cavbonate comvent, sneh as in Muonicl and %/y v
Copenhagen, demanded long-grown and highly dried malt together with slow mashing VA/V
and pratracted hoidings of the mash beeanse this neutralizes o earbonates,  Such ‘j;)""
waters are best suited Tor dark types of beer, and the original beer {ypes of Bavaria W
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Table 5, WMinernd Content of Water Used in Browing

Mineral vontent, ppm

Total
City solicld Ca b Mgt &O,— Ny~ cl- HOO, -

Milwanko 148 B8 1.0 201 0.8 6.6

New York o8 6.0 1.2 7.7 0.5 1.4 ]
81, Loniy 201 R3] 12.0 77 |l 0.4 GhH
Pilsen © (i3 8.7 3.0 8.2 Hid 37
Munieh 270 7l 18.5 15 . 4 2.0 283
Dublin ' 3.2 b0 3.7 440 15.8 2606
Copenhagen AR0 -4 15.6 624 60,0 347
Burton-on-"T'rent, {206 268 62.0 6038 il 36 287

and Denmiark were ek and rather low in liops content. The water in Dilsen is
poor in minernlss it is best suited for pale beer made from malt dried at low tepera-
tures and with methods of mashing which do uot favor a rise in acidity.  The water
from Dortmund gontains both carbonates and sulfates, and these latter counteract
the alkaline effect of the earbonates so that the beers of Dortmund also are pale.
Still more charneterisiie is the water from Burton-on-Trent in England; the special
heer there is made from very pale malt and mashing by infusion.

When the water which is available for brewing is not suitable for the desived beer
type, the question of treating the water arises. [ the production of a pale beer with a
fine hop taste is desived and the water is vich in carbonates, which is usually the case,
one of the fTollowing mothads of treatment can be used:

1. Addition of gypsun (urtonizing)

2. Addition of acid

3. Decarbonation

4. Demineralizing by jon exchange

Addition of gypsum alters the eomposition of the water towards that of Dovtmund.
The caleinm sulfate lends o nentralize the shlalinity of the carbonates. By addition
of acid, earbon dioxide is seb free and the carbonates are transformed into suils of the
acid eoncerned.  In practice, sulfuric acid, hydrochlovie acid, phosphorie aeid, and
luctic acid are used.  These methods are very easy to employ, but there is the draw-
back that all the salls stay in the water and this is not desired for all beer Lypes,
Deearbonation is o removal of the earhbonades, either by hoiling or by addition of Time,
Until about 1940 it was not possible to improve the brewing water through lon ox-
change as with boiler water heeanse this trentment exchanges the desired Gt and
Mgt+ with Nat but Jeaves behind the undesived carbonite buffer-system. Now-
aduys, it )s possible to treat hrewing water through double ion exchange, by which all
salts are completely removed.

Production of Beer

The production of heer is varvied ong in fonr main stéps: mashing, fermenting,
storage or lagering, and botiling or racking. This method of brewing has Deen
wsed e Germany, Iingland, Tlolland, Belgnim, and the Scandinavian countries for
the past 400 to 500 years.  Fven today, Lhere are not any basie differences in apparatus
] arrangements there are often differences in the final produet, the beer itsell, and
the manner in whieh it is served to eonsumers, hut even these differences arve decreasing,
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o . . ; ' - .
‘ !i' Mashing is the prodess whereby, by help of the enzymes, as much as possible of I
Ih‘ the valuable substances ‘of the brewing materials are made soluble.  Fhe malt to be o L’f’ CouSE "f

s nsed in the brewing is erughied in order to make the substances to be extraeted aceessi-
ble to the water. "The brewing materials are “doughed-in” or infused with a suit-

able amount of water; this is known as mashing-in. ‘The mixture of water wnd
. brewing materials is then called the mash and 8 Trented aceording 1o one of the varions
mashing methods which will be deseribed later.  The malt extract contains maltose,
dextring, and other sugars, pentosans, proteing and breakdown products, minerals,
tannin, and some coloring substances. The extract is dissolved in water, and the
|
A ‘
oy , MALTING BREWING FERMENTING, STORING, BOTTLING .
e ;
Sy BARLEY b
o N Malt silo .
& 1] . & -3 ¢ Surtace
S . Gy URL ooler
; it Cleaner N%% Q-;J“ Automialic YEAST
1548 | 5 TAILINGS waigher and Fenmenting
. E WASER STEEP 'Q !
4 ﬁ@'u WASTE YEAST !
" R ‘ Genninating 51 Mashing
Y T % . propagato
of | 'Pl dum _ vessels Storase
% 5 : 0, vat o lank
..'. I -
o] ‘i Kiln
§i: 0,
g ! (_! i
314
3 @b '
1 jll GRAIN Labelug
,l } Hop back
SR
g Malt Pasteunning
S- i\-r rleaner -
3 H ,
) ’il Fig. 1. Flowsheet for the production of beer (the coolships and surfaee enolers ean he replaced by o
: %i.i cenbrifuge and o plate coaler) (5.
s
i, . . . . - . (]
' resulting liquid is then known as_werf. When malt is extracted with ecold water,
only about 15% of the dry matter is obtained; in the hrewing process about 80%, of
the dry matter of malt is extracted due to enzymie aclion during mashing.  Wort
is then pumped into a lauter tub or mash filter, where it is separated from the undis-
solved part, known as the spent grains.  The wort runs into the wort kettle, where
A it is boiled with hops; when this is accomplished, the wort is separated {rora the spent \
hops in a hop back and then pumped out of the brewhouse for cooling and fermenta-
. tion.  ligure [ is a schematic representation of beer production.
N MATTING : .
P T
;; - ? il Grinding of Malt. Tn the crushing of the malt it is essential to get the extract-
R S EN . . . g
1_“ ,| yielding substances of the malt sepapated from the husks and finely ground.  “The -
'{J i hisks, on the olfier hand, must stay as whoele as possible becanse they arc of great
B [ 5 - . . . . . .
ey importance as filtering materials in the separation of the wort from the spent grans.
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Malt mills are found in different forms: with two or four rollers with or without
shaking scrcens, and with six rollers with shaking screens.  There are also mills with
| Mglj ME/ /

gl L D e i s s e e

M .
_‘—‘—-l...-.-a.uﬁ_h“ e

Fig. 2. Diagram of a malt mill with four rollers nnd shnking screens.

three or five rollers, the latber with shaking sereens,  The malt is partly crushed be-
tween the first pair of rollers, after which there is o sercening operation; the fines from
this hy-pass the sceond pair of rollers, hot the husks, with adhering material, pass Lo
the second pair of rollers, where the husks are [reed frant the remaining parts of the
kernels. A diagram of g four-roll makt millis shown in Figure 2.

MASHI NG

Mashing is o continuation and extension of the modification and breakdown of
the extract-yielding substances of the malt, which begins during malting. It consists
of (a) dissolving those substances directly soluble in water, (b) enzymic breakdown
foliowed by solution of a serics of substances important for the type and character of
the beer, and (¢} separation of the dissolved substances.  The breakdown during the
mashing is regulated by time, temperatuye, pil and concentration of lm

Enzyme Action. Quantilatively, the breakdownof Slareh To dextrin and maltose
is by far the most important. It takes place aceording to the following equations:

(Co'l{moh),, -_— n/'.r:{Can,Ox.); (Cr.”m‘:):.)n — 71/2 (GI:!1 {21011)
(162 gy (162 g dextrin) (162 g) {171 g maltose)

*
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[
Table 6. Cradoad Breakdown of Stareh to Glucose
) Number of Calor
Praduct. - glueose wiids, n with inmhine
starch 2100 hlue
Bigh molecilar dextrins 100 bl
low molecular dextrins 1K) Tsdue
Al Blue
k(] viclal
erythrodextring 20 real
achrindextring 10 colorlpss
nonasacehinrides 0 colorless
oetasaeelirides ] colnrless

wepasneeharides 7 voborloss
hept I 1 7 boarl
hexasaceharides t colorlss
wntaseecharides A colorleas
pent; haried lorl
tetrasiechnrides 1 colorlesn
trisnecharnles 3 eolorless
multose 2 colorless
glurose | rolorless

Stareh constitutes about 55%,; of the weight of the barley kernel. The starch
purticles are either rather large, 22-30 g, or quite small, 1-3 ¢; o middle size does not
exist.  Siarveh is a polymer-isomer mixture of two fractions, amylose and amylopeetin,
Amylose dominides in the interior of the starch particles, whereas amylopectin is found
to a greater extent in the outer luyers.  Amylose is built of glueose units, bound to-
gether by e-1.4 bindings to straight chaing, and in sueh a way that the ehain is formed
ibo a spiral.  The length of the ehain is normally over 200 units giving A/ = 36,000
or more,  Amylopectinis also built of glucose units, butitis branched. I the straight
parts between the branches the bindings wre a-1.4 and the length is from 10-18 units,
At the branching points there are also a- 1.6 hindings.  The moleeule of umylopectin
is hig, with 2 moleenlar weighb of from S0L000 1o 260,000, I harley the proporbion of
amylose Lo amylopeetinis wbout 25: 75, which is normal for cereals,

According to the ktest information regarding the breakdown of starch (sec also
Iinzymes; Starch), the following four amylases are engageds () a-Amylise breaks
down a-1.4 hindings; (b) g-umylase, e-1.4 bindings (3-nmylase only hreanks down the
amylose to the extent of 70%, and o complete breakdown demands assistanee of the
so-called Z-ctuzyme; for this renson amylose is belioved to have a {few g-1.3 bindings) ;
{¢) Z-enzyme, B-1.3 bindings; and {d) R-cnzyme. «-1.6 hindings.

I'ram the faet that both ainylose and amylopeetin are huilt exelusively of glueose
units, it should be possible to have glucose alone as the end produet. [t s necessary,
however, iliat on the way to this complete breakdown some intermediate products
must appear, which like starch consist of chains of glucose units, only with less links
than starch.  These intermediate products will have less and less glucose units as the
breakdown advanees, Tuble 6 shows the gradual breakdown of stareh to gheose (6).

The carbohydrate composition of wort can be determined by chromatography:
anormal wort composition is detailed in Table 7 (7). )

a-Amylase is resistant to comparatively high temperatures; in the mash jts
temperature optimum s at 70°C and it is destroyed at 80°C. Tt has pH optimum
at 5.8, g-Amylase is already destroyed at 75°C, and in the mash its tfemperature

— —————— A =
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Table 7. Carlwhydride Composition of a2 Normal Wort,
Carbohydrate Content, g/ 100 i
mnnogaceharides (glucose) 0.98
disacchurides (ualtose) 5.77
wsharides 1.29

tetrasncelnrides 0,206
pentasaeeluicdey 0,10
hesisnecharides 016
heptasecharicdoy 0. 1h
octagnecharides 0.1
nonasaccharides 0.13
higher carboliydrates 1.08
exfraet,

o ' HURES

kA 100wl 1.1
total easholivdentes,

/100 ml 10,11

% of extract 41.0
ferisentable earbohydrates,

/100 ml . ) 7.74

% of extraet 6.7

® Sea page 317.

optimum is from GO 1o 65°C. It has pll optinum at 5.4, Consequendly, the more
dextrin formed, the higher the temperature of the nushis. A long pause a2k G0-65°0
gives, on the other hand, a wort rich in maltose.  In this way il is possible Lo regulate
the Termentability of the wort as maltose is casily fermentable and dextiin 1s un-
fermentable.

The hreakdown of the proteins of the barley albumins, globuling, hordeins, and
gluteling starts in the malt house and contlinues during mashing Ly help of enzymes,
proteases, and peptidases.  Protein breakdown during mashing has no pronouned

- Aemperatire oplimam; it Gikes place rather evenly during the whole mashing up o

60°C, above which the activity of the protenses and peptidases i3 highly recduced.
The protein breakdown is highly dependent on ptT; al lower pil there is an inerease
in breakdown.  Nowadays, it is usuad to acidify pl fron 5.0 1o 500 wherens o pli of
5.4 to 5.8 was formerly used. This is believed to influence the shielf life ol the beer va
[avorable way,

In malt about 30% of the proteins are soluble in water,  The breakdown during
mashing brings 30-40%, of the malt profeins over into the worl.  OF the wart proleins
about one third are precipitable by tannin and about two tirds wre peptides and wmino
acids. The proteins whiech are precipitable by tannin contribute 1o the head retention
of beer and are, therefore, desivable.  In what degree they participate in the formation
of turbidity, and especially which {ractions are sctive, is not yet fully known, but
these factors are being investigated.

The peptides, too, are little known and not even theiv amount ean be staded with
any certainty.  They ure believed to he of no great importance to wort or beer. The
free amino acids, however, are well known; they seeve mosily as nowrishiment Tor
the yeast, and their amount falls to half during fermeniantion. '

During the mashing, small amounts of tannin from the malt, and especiadly from
the husks, go into sobubion, and during the Iater hoiling with hops, more tannio goes into
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Table 8. Txtract Yield and Fermentation by Mashing at Dilferent ‘Temperitures

Yield after being mashed for 2 hir at

40°C 50°C K5 C 60°C 65°C 70°C
extract yicld, % of dry matler 25.4 35.8 h7.1 76.9 7.8 79.06
fermentable sugar, % of dry matter 15.0 23.3 30,5 57.2 Gt 0 Gl.5
noncomenlable protein less wmino needs,
g/ 100 £ malt drey nintter IG5 312 et S0 334 Ha
samino acidy, ing /100 g mali dey matier 170 104 1KY 183 172 ih2
Table 9, Fhe Lleet of pH on Yiekl of Maltose
{7 at pH in Mualtose,

nwashing in the worl, ool extraet.

4o .00 N N
-4.80 5.0 V2R
h.2 5.0 2.2
5.60 5.75 71.4
.00 .45 Tt

i GG.T

G.40 ' G

Table 10, et of Mush Concentration on Yield of Fxirael wnd Maltose

Concendration of mash

(mall/waler) IExdenct vicld, %, Fermuniable extract, %,

1.2 1.7 523
1:2.7 7.0 5.3
1:4.0 80.0 A8.H
1:5.3 rin 57.8

the wort.  The Brewing Industry Research Foundidion has shown (it Lanning [rom
both barley and hops are ol Jeucoanthocyanin nature and in some eases are derivatives
of quercitrin, and that eatechins are not found.  Beer turhiditios e vieh in tannin of
the leucoanthocyonin type, and everylhing sugpests thal tanning from malt, e
hops wre responsible for the condensation products which, together with the wort
proteing, form the turbidities in the linished heer,

A rise in lempernture has such inflience on the enaymatic processes thal until o
certain lempernture is reachoed the effecl inereases and then Tl abraptly ot higher
femperatures (see Table 8) (8).

The plIT has great influence on the enzymatic processes during mashing although
the variations caused by different hrewing waters e vather small.  Only through
acidification is it possible to bring about such shifts that the transformations are
decisively influenced.  g-Amylase has pIl optimum at 5.4, a-.n.nwl.uo at 5.8, and the
normal mash has a pll of about 5.4 during sacehariflication.,  Table 9 shows th(‘ elivet
of pIT on the production of maltose (9).

The eoncentration of the mash has sueh an influenee that thin mash inerenses

both yield of extract and the formation of maltose (sce Table 10) (10).
Mashmg Methods.  Since mashing, the mixing of (he

with walgr, is the central process of brewpne,

arushied brewing maderiats

15 las heen the objeet of numerous
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i Fig. 3. Tamperature-tioe dingram for  three-mingh method,

experiments, and from these sone methods have been established ws the more noruul,
The ehvice of method has been based more often on the technieal advantages or delects
of the different methods than on knowledge of their chemical eharacteristics.

i _Mushing methods are divided into two groups—decoction methods, in which
purts oFthismiaah are boiled, and infusion methods, 1 whieh no boiling of mash takes

A4, place v Ao
i Doeoction. Methads,  "There are three different kinds of decoction methods, in-
s

o
At boi (;hi(”lmm method, the double-mash method, and the one-mash method,
With the three-mash method the mashing-in is ab about 35°C, and after thab a part of
- .h, the mash, the first mash, is taken into the kebtde, where it is heated to boiling, quickly
: (‘or-“l“':t G slowly, and with or without 1estTor sacelirification.  After a long or shord Loiling
S»-j’"" time, the mash is brought back to the mash tub, where the temperature of the whale
. mash is raised 1o 50-55°C. -Figure 3 shows a dingram of the three-nesh method.
With malt rich in enzymes it is possible Lo let the temperature in the mash rise yuickly;
with o malt poor in enzymes the temperature must rise slowly. "Then a sceond mash
i (again o portion of the entire mash) and, lastly, a third masl s treated in the samie
manner; the temperature of the whole nash is then mased livst Lo G2-66°C, the sae-

.

' eharifica Iy atuce. and then to aboul 7H2C, the s e lalure,
The three-mash method originated empirically from the Bavarian hrewers and sproeaud
from them to many beer brewing conntries.  Later binmes have theovetieally proved
the wdequaey of the method aud the scientilie results rogarding the enzymes have
. hrought no objcetion against the general outline of the methad. Wilh a dotbie-
wiash method the mashing-in is at 50-53°C, alter which a fiest mash brings the whole
mash to 62-66°C, and a second mash brings it to around 75°C.  With a one-mash
method it is normal 1o mash-in at the saceharification temperature, 62-66°C, and let

! thoonty mash hring the temperature to 75°C. ‘
| WD éo;}a% ‘{ Infusion J‘IInl_h,nd.?. With t:he infusi:)‘n nu:l.hnds t.‘h'(‘. \\"Tn\u mnsh s graduatly
st zfﬁb heated from muxln’ng-m Lo m:mlungm!T. 1 !u':ru is 1o hmhng: <.|| nush, and Uie demand
for u proper crushing of the malt 1s imperative heeause boiling of the mash helps to
f/m' destroy the cells of stareh in order to let the amylolytic enzymes work on the staureh
moleeules.  When no boiling oceurs, the erushing of the malt must be as fine as pos-
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sible, while taking into account the run-off of the wort.  With the infusion method
no enzymes are destroyed by hoiling. 1t is the classic method for top-fermented beer,
and it is employed exclusively for all English types of beer. It is the simplest and
quickest method and the one which.is most easily made automatic.  American practice
in mashing is to have a short-time infusion process.  There are also combinations of
these methods, e, in Denmark today it is normal 1o mash-in at 35-10°C and hoil
‘. one mash whieh brings the tempernture of the whole to between 62-6G°C, aller this
the whole mash is heated gradually to 70% and ab lash 1o 75°C, The mashing methods
tust never be completely lixed but must be flexible according to the type ol beer
, desired, and moreover Lo the quality of the malt and adjuncls in different shipments
* E and from different years.
A Mash Filtration. When all soluble substances are brought into solution by
1 means of the mashing, the next objective is the separation of the wort from the spent
mening, the undissolved part.  This ix done in two phases - the lirst wort is drnwn i sphay ot -ﬂ:f

i
i"' : by filtration and then the remaining extract is washed out by sparging. The masiias >/?t<-‘—‘[l‘
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transferred from the mash tubr to separate equipment for filteation, A (ilter bed 35 aveaTzoas !
provided hy the mash itself in the form of muadt husks, which keep the graius poraus !
during filtration. Rather than acting as a strainer, the filtration equipmenl. merely
N supports the filter enke and husks.  The sunples ol equl b s n fanler bih,
which is a cylindrical tunk with a false bottom of slotted plates upon which the mash
sebtles, A set of vertical knives is aflixed on a crossaem which slowly turns around
the ecnter axis, whereby the knives eut or plow through the grain layer and prevent it
) TR from being compressed during the run-off,  After the fist wort is drawn off, the
A IRE grains still contain 8097 fiquid and the residual extracet must be recovered by washing
) 315 orsparging with hot water.  Allowing for the dilution ctfect of the sparging water, it 1
' gy 7 Is necessary to regulate the concentration of the original wort to about one and a haif f
timnes as high as the desired pereentage of extract in the tolal wort.  Another type
‘ of filtration equipment is a mash filter of the regular plate-and-frame type with filter
s cloth. Tt is particularly well suited for Jarge-seale operation sinee the ran-oll is fasd,
1 and in addition a higher yield ean be attained than with looter heeanse the mash
layer in cach frame is thinner and permits the brewing materials to be ground finer. .
Txperimental methods of separating the mash by means of a centrifuge rathee than
hy the filtration process have been examined during the past thirty years Dl thus i
far vesults have not been completely suecessful, Mash Glter ran-ofl is not necessarily :
‘ faster than that of o lanter.  Modern valloy-boliom luters of Tarpe dianeters (26030
b E ft) with shallow grain beds ean run off in even shorter times than can a comparable
gl mash filter.  More labor 18 required with present-day mash filters, but efforts are
currently being made to anlomate theie operations so that the labor required will be
the same.  Alasi {ilters still have a stight advantage as fae ws clliciency of extiaction
heenuse less extract remains in the spent grains.

During filtration the first wort runy inte the wort ketdle together with extraet
washed from the graing by sparging.  Alter (ilteation the geains ave sold either directdy,
o first deied, as eattle fodder, ealled brewers spent grain, an important hy-product, of
brewing (see eeds, animal).

|
1

Lo g

- BOILING, SEPARATION, AND COOLING OF THIE WoRT ' '
S S (l‘h(: boiling of the wort has three purposes: (1) Lo evaporate aosuitable aimount, of '
. tha E

sparging water; (b)) o bring about the precipitation of the shudge; and (&) to
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dissolve the bitter substances of the haps in the wort.  The hoiling of the wort does
not alfeet the composition of carbohydiutes or the low molecular protein eonversion
produets. Fhe high moleeular protein conversion products,  the so-called wort,
proteins, wee broken down so far that they do not eoagulate during boiling, But it i
wall known that tannins in aeid media (D1 below 7) are able to preeipitate wort, proteins
and thit some of the gediment thus produeed is of veversible character,  As mentioned
hefore hotlimalt and hops contain tannins, and it is known that the sludge is of protein-
tannin chavicter,  In practice there is o distinelion between ot sludge, wnirreversible
enarse sediment, formed during the wort boiling, and cold sndge, o reversible very
{inesndiment formed during the cooling of the wort,

/r]l:t, is nopmal ta Poil the work sdgorously with hops lor 1522 hr; some breweries
ontside the US, use pressure kettles, in which the worl is hoiled winder o eertain excess
pressure (fow) and at a tetperature of abaat 103°C. Large kebtles are nof used
heeause they take too long to bleed baek to atmosphersie pressure and this produces

adverse taste results,

Tha boiled wort should be separated from the hops and shidge as soon as possible,
The separation from hops amnd s6me o TEdge takes phwe m a hop (back (hop
strtiner in American terminology). This may be round or square, lmml
the mside with perforated plates of steel or hronze, which keep back the hops and some
shidge.  After this, the wort must be cooled dowa to the pilching temperatiig, the
temperature ad which the yeast is ndded.  The older method divided the cooling into
two phases.  In the first the worl was pumped to big shallow vessels, eilted eoolships,
of steel ar copper, where it stood quictly in layers of about 15 em until the tem-
peraticre was down to between 50 and 33°C. Tere the hot slidge and some eold
sludge was sedimented, the eold sludge beginning to separate at temperatures 60°C
and below.  From the coolships the wort was taken over refrigerators, built up of
horizontal copper tubes, on the outside of which the wort ran down, while the cooling
mediun, eold water or brine, circulated inside the tubes, and at last into the fermenting

vesscls,

Today, nearly all hreweiies work witd o more modern, easier, wiil muel sufer
apparatus.  From the hop-hack the wort is pumped to o hot wort-holding or surge
tank from whiel it passes through o closed eooler. Some breweries place @ contrifuge
hetween the holding tank and the eooler in order 1o remove the hot studge. The
plate eonler consists of a set of frames supported by a horizontal stand sinilar 1o a
frame filter, but instead of Glter eloth there are thin sheols of stainless steel insertedd

Table 11. Analysis of Worls

Pale wort. Dark wort,

extract, °P 11.6 11.6
reducing sugars, maltose, P 8.3 6.8
reducing sugars, % of extract 71.5 8.6
final dfegrec of attenuation (apparent), % e 08
total protein, %, of extract 3.01 4.28
profein whiel is not preeipitated by tannin, )

7ol extened . 3.62 A.02
wning aeids 1,48 127
pl ‘ h.62 5.47

A See page 317,
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hetween the feames.  Wort flows on one side of the plates and the cooling medium on
the other. Some breweries cool the wort belore the centrifuge, whereby it should he
possible to remove the eold sludge, as well as the hot sludge, but, most of the eold
studge is so finely dispersed that removal by cendailuging is not possible.

In order to removeeampletely all sludge, both hot. and cold, which many breweries
don, the wort must he conled and then filtered throygh Ki

As soon as the worl is cooled down 4o 50°C or helow, il s an exeellent eulture
medivun Tor all possible niieroorganisins, Therefore, e modern appareatos, in which
the wort is cleared and cooled completely protected from (he influence of miern-
organisins of the air, is much safer in contrast to the old open cooiships and open
conlers, from which it was not possible to keep all microorganisms away.

The dry matier of the shdge consists of the following:

hop resins A 80 VM
protein a3 BAYL 5\

other organic matter, ineluding tanning 20-30%,
ash _ 2--8%

The eompasition of pale and dark worts is shown in Table 11 {11).

The wort now containg no enzymes as they are destroyed during its boiling, bt
i is vieh in different vitaming of the B group.  Wort is an exeellent nutriment beeanse
the mashing ean be looked upon as an artificial digestion of the raw materials of the
nialt.

FERMTNTATION
During fermentation sugar is converted into aleohol and carbon dioxide by the aid
of yeast.
Chemistry. At the heginning of this cenfury not much was known aboul the
chemieal nabure of fermentation ogher than Lavoisiers equation,

Gﬂll.z()u—- 2 (LTHOIL - 2 Gy
glucose  ethyl mdeohol

Now numerous single steps, several of which are catalyzed by speeinl enzymes, wrn
known, and altnost, a1l of the corresponding coenzymes wee also known,  The wort does

not contain much glucose, but mainly the disaceharides maltose and saeeharose,
Normally, the veast hydvotyres-these
eording to the above renction” The process of femienZlion, however, is more eon-
[m than this stmpIe egquation shows as t.\hi_.&;i._w.-._b;uu-\mml result of many difler-
gntyeactions.  Before the sugar molecule starts to take part in the conversion, it has
to be changed into anactive form. "Thiz active fovm, common to the three fermentable
hexoses, glicose, fructose, and mannese, reacts very easily and is therefore unstable;
it is helieved to be formed diveetly by certain hydrolyses of polysaceharides, but in ad-
dition it 18 formed through the influence of a certain activator inthe veast, hexoehin-
ase. 'The activated hexose combines spontancously with two molecules of phosphate,
whicluis an indispensable helper in all fermentations (and probably in all conversions of
carbohydrates),  Simultancously, or immediately after, the most. important process
ol the breakdown oceurs, the splitting of the six carbon atom ehain into two parls with
three carbon atoms in cach.  This splitting is cansed by the enzy e zymoliexase, which
ii_f_qun_gltm__mgst., eombined with (m a thermostabhle activiador of rather small

O EImpIe hexoses, whiel are then converted ae-

e e m——————— T
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1 \
’ molecular size. At the splitting, two moleenles of triosephosphate, possibly phospho-
b " J
\ glyeeraldehyvde, are formed, and these are dehydrated by the aldehydrases of the
" veast. to phosphoglyeerie acid,  This again is converted into phosphopyravie acid, i
which is spdit by earbosylase intd earbon dioxide amd acctaldehyde, and this last is con- '
| verted info aleohol, i
. i
- Lhexgehinnsg . (4 2 phoaphute) A zymohexinnne
hexose ——— aclive hexogs —————— hexosediphosphide ——— . .
; i (=210 . (= 2 phoaphate) . L enrboxylane 5
[' 2 trinsephosphate ~———s 2 phosphoglyeerie acd —————— 2 pyruvie wid ——— ——

*

.2 enrbon dioxide -+ 2 acetaldehyde ——— 2 aleohal,

The veast itsell iz a one-celled plant with o size between Hand 10 T consists of |
a eoll wall surrounding the nueeleons and protoplosne e lives ow the fermentable |
lexoses, atd for propagation the amino acids are used. Inaddition, the veast demsneds
potassinm, magnesium, iron, phosphate, and chlovine, and the organie growth faetors
hiotin, mesoinositol, pantothenic acid, aneurin, nicotinie acid amide, and pyridoxin,

Because the different yeast races have very dificrent demands regarding these growth !
factors, yeast elassiflication nowadays is done via biochemical experiments. i
The aroma and bouquet of beer depends mosily on the protein assimilation of the \

yeast. THe hasis 18 tle fermentation of aming aeids, whieh, via imino aeid and a-ke-
ione carbon acid, are converted to aldehyde, and this again by dispropartionation to
aleohol and acid.  Higher aleohols and esters of these give aroma and houguet to the
heer. The composition of the wort and specifie properties in the yeast play o deciding
role in this regard.

Concerning the fermentation and assimilation of carbohydrates, rescarch in
the last fow years has determined a much diseussed question in former years, namely
that some kinds of yeast are able to ferment the polysaccharides maltotriose

¢

I

i

i

and maltoteiraose. ‘ I
Fermentation Processes.  Permentalion s carrvied oul in breweries in fwo very &1 Iii

distinet ways,  T'hese processes are known as Lop-fermentalion and holloim-lfermenia- |
tion depending on whether most of the yeast rises to the sieface of the heer or sinks 1o |
the botlom of the fermenting vessel whea multiplieation is ecompleted. The goiding ’

prineiples are the same in both processes; the ehicl differences are in the nature of the 1'
veast, the temperatares used, and the manner in whiel the yeast erop is removed (rom i
the beer. The first stage of zelive fermentation and the sceond or eleasing stage, in r
which the yeast heads are removed, ave managed in several ways in top-fermentation I:’
breweries.  These are known as fermendation systems, two of whieh, the Burion Union I
system and the Verkshire Stone Syuare system, are stilt churacteristic of the distriets b
in which they were developed.  In bottom-fermentation hreweries, the heer is run ;f‘

l down from the Termenting vessels, leaving o firm sediment, of yeast, The underlying
eonsideration in the formentabion process, regardloss of the method wsed, s always the
fact that not anly the aleohol content of the heer, but also, in Jarge measure, ibs lavor
and stability depend on snccessful fermentation.  The aim of the process is always Lo
mix o healthy pitehing yeast with the wort, under conditions that will ensure o rapid
commencemaent of yeust growth so that other microorganisms have little opportunity
to establish themselves in the wort. Simce the pitching veast must be colleeted from
I one fermentation for use in another, it s equally.necessary to proteet it lrom infecting

and to save anly yeast which is uncontaminated,  For this reason yeast that separates

oy
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Fig. 4. Dingran of annlvtical curves of primary fermentation with bottom-fermentation yeust
{12). The ourves are identified as follows: A, aleolnl; », uxtriet; ny, fermentable sxtrvel; ¢, sus-
pended yeasl, solids,

first and is contaminated with hop resins and protein matter and yeast that separates
last and forms a protecting cover for thie wort is rejected. Ouly the middle erop is
used again; this can be the middle bead of top fermentation or the middle layers of
sedimenting bottom yeast.

Top-fermentation yeasts normally demand somewhat higher temperatures in
order to develop.  Boftom-lfermentation yeasts are voery aclive af tempemibures as
low as 6-8°C, whereas top-fermentation yeasts do not really start, helow 14-15°C,

Vith both types of yeast the fermentation is divided into premary fermenfution,
during which the yeast propagites and most, of the carholivibrntes are converted to
aleohol and_carbon dioxide: and scemidary Jermendation (hnown s fagering), during
which the restof extraet is fermented, cansing Lhe beer to bo sabiiod with carhon
m]sn duringwhict some sedimentadion takes placoul The Deer s “l'lpnmﬁ_’”"

Wiith hottom-fermentaition yeast the primary fermentation (sce i, 1) Dt
about 8 days at temperatures hetween 8 and 12°C, alter which the beer is trans{erred
to closed tanks., The lagering takes place in these tunks at temperatures around 0°C
and lasts from two weeks to three months.  Bottom-fermentation yeasls wre employed
in the produetion of lager heer all over the world.  Tn Denmark and in many other
places top-fermentation yensts aee only used for dark heers vieh in exbenel wd pooe in
wleohol.  In Ingland and places where brewing has il origin from Fanglamd, Lop-
fermentation yeasts are used for all kinds of beer, even those viel in aleohol.

Gravity and Degree of Attenuation. During fermentation the gravity of the

work decreases because the extract is disappearing, 1 nothing more happened, the

saccharomeler wonll show the real, gradually tlecreasing extract of the fermenting

works,  Tlowever, aleohol is heing formed, and this has o lower gravity than water
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Tuble 12, Comparigon Between Creiging] CGravity aad Pereent Isxtract

Original gravity °i3 ey
101908 4,025 5.0
102370 - Y] 6.00
102774 (HRGEY 7.0
IR TS 5.00
103504 8017 000
104003 9,025 16,00
1O 14,621 11,00
104837 1920 12.00
105200 [T 1:3.00
105684 153043 14.00

and, therefore, lowers the gravity ol the worl even {urther. o the fermenting
worl. or te beer Lhe eelmrometer does not show he veal exteaet bul sn appavent
extract, which i always lower than the real extract,

[n Denmark and mauy other countries the steénglh or specific gavity of the

word is measured as °Balling (°1B) or nowndavs °Plato (°F) which_yelers to the pereent

of extract (sugar) in the wort. Tu England and some other countries it i3 usual Lo

give the strenglh of the worl as original gravity,  "Table 12 shows the comparison

belween original gravity and pereent extract.

The apparent extract, roul (‘,Xi.l':l,(:t,,.'lrll(l aleohol have a cevlain retationship and
there s also a relationship hetween these Ggures and the oviginal extraef Thhe solids
content of the original unfermented wort).  Balling investigated these relationslips
about o hundred years ago and communicated his findings in his teachings on at-
tenuation,

The finzl beer (with original extract bhetween 10 and 14°13) has 88~42%, water,
2.5-4.09% alcohol, and 5-89 extract. In this the saccharometer does not show the
rea) extract beeause the water-extract mixture is diluted by aleohol,  What the
saccharometer shows is Che apparent extreaet, which Balling enlled w.

T'o get the real extract one has to boil the beer for some time i order (o ranove
all aleohol and then replice the evaporated alecohnl and some water with waler nlone,
In this pure waler-extract solution one will geb Lhe real extraet, which Balling ealled n.

The amount of aleohol is found by taking the specific gravity of the waler—
aleoliol mixture, which- evaporated during the hoiling of the heer (Balling ealled {his
A). Balling found that 20665 g extaet gives 1OD0G g aleohol, 0.0565 & erbon
dioxide, and L1100 g veast, "The carbon dioxide and yeast content add up Lo 1.0665 ¢

Batling enlled the original extract of 4he beer po By analysis, the origina] extracl,
of the beer may be fornd as follows: o 100 ¢ of heer the fermented extract s A
20665 g, and Che whole oviginal extract is (A )X 20665 4 a) g0 Minor corrections
ave neeessary heciose the carbon dioxide aod yeast ave removed Trom the heer so Lhat,
100 ¢ beer corvesponds with 100 -l 0 X 10665 & wort. This iunount of worl has the
ihove menbioned wmount of extrack (1 X 20665 |- ) g, and

~ ((:l K265 - n) um) ol
P 0 4 A X Lo66S ')

This formula usually gives values for p which are too high, up to 1.2°8, depending
upon fermenting couditions.
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The corrections in Table 12 from Balling figures to Mlato ligures for pereent of
extract were made because the sugar solutions Balling used were nob as pure as it is
possible to make them today.

Degree of attenuation means the amount of fermented extract measured ns o
pereentage of the total extract, and in analogy with the above-mentioned there is an
apparent and a real degree of attenuation, of which the former is the highest,  With
original extract p = 10.64°8; apparent extrnct e = 2.04°1; and cenl extracl
1= 4.44°8, the apparent degree ol attenuation is

B o— M 10.64 — 2.9‘1) -
UMY ao0) = (=2 250 (100) = 7249
( » ) (100) ( 10.64 (100) = 72.4%

andd the real degree of attenuanbion s

»—n 106! — -l.-H) el
fee— ) (1 = [ — - =} (1) = 58.39
( P ) (100) ( 10.64 (100) = 38.3%

Contaminants of Beer. Besides the cultire yeasts, which are neeessary for
the production of beer, there are in natvre many wild yeasts, molds, aawd bacteria
which may contininate the beer. By constant cleaning, brewers try to keep Lo o
minimum the number of microorganisms harmful to beer on the premises and in the
brewery operations.  1f the number of harmful microorganisms is allowed_to increase,
disaster for the brewery is ahcad.  An analysis of the sources of infection and their
importance is extremely worthwhile.  With infections it should he understood that
the infecling organisms are of $he nonpathogenie type.  DBeeause of ils low pll beer
does not support the growth of organisins pathogenic or_imemful to main. The
infecling orgamsms mercly inerease the acidity or otherwise affect the flavor and
thus make the beer less palatable but not toxie,

It is interesting to note that foreign organisms eapable of growing i beer are
most often introduced through contamination of mecnluting yeast,  Contaminalion
from the air is of less importance since most of the orgunisms it the air are Tungi,
which grow only on the surface of beer, and this small fraction is gencrally weakened by
drying. Termo bacterin are possible contaminants which easily eanse spoilage of
wort prior to fermentation.  They have Little effect on the flavor i they are subdued,
as they usualbly ey by aorapid stacting fermentation,  Mueh more danperous are the
foreign organisms in pitching yeast because by their very presence they have proved
themselves fit to grow in heer and 4o compete with the yeast, Forlunately, the bypoe
ol organisms thal may spread the most before being detected is wild yeast, whicly
does not present o great danger in modern brewing.,  Baeterial contamination which
produces acid and off-flavor is really dangerons because bacterio may strike guickly.
Fhey multiply duaring all stages of the fermentation, whereas yeasls grows vigorously
ouly during the initinl phase; however, the bacteria, unlike wild yeast, are not in
direct competition with brewers yeast. '

Among the bacterta that attack beer are nctic acid bacteria, both as rods, such as
dificrent lactobaeilli, and as coceci, such as different pediococer, formerly ealled begr

sureing, which give oft diacetyl and impart to the beer o batterlike flvor. Dincetyl

m———— . - ag
may also, under certain conditions, be formed by culture yeast so that the preseice of

it does not necessarily mean an infection by pediococed.
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During the lagering period, temperatures are wenerally so low, ¢losc to freezing,
that | el mm%m*iu carred through the filters ave only o
stight chance fov development )i the beer is pasteurized beeause this destroys all
microorganisms.  For unpastewrized beers they may be dangerous.

Microbiological rescareh in this eentury on both yeasts and organisms harmful to
heer has brought about a much improved biologicad control of heewing operations and
hygiene.  Greab aids in this regard are the vast improvements in detergents and
disinfeetants and the discovery of new germicides, sueh as the quaternary sammoniuni
compounds (v}, which beeause ol their great surface aebivily give o penclrating
disinfection.

Course of Fermentation, The Lemperature in the cooled wort s nornully be-
pween 6 and 10°C, adapted so that the fermentation starts rapidly and s finished in
S to 10 days.  Dwing fermentation the temperiture miutst not go higher than 11 to
1290 heeause the heer may suffer inregand to both faste aud head retention, and the
higher temperatures also favor the development of Baeterin, A very eold lormentation,
on the other hand, may weaken the culture yeast and favor the growtl of wild yeasts.

The amount of pitching yeast is bebween 0.30 and 0.75 kg per hl of wort, and
normally 0.5 kg will be suitable.

During fermentation fieab is developed, and the conversion of one molecule of
siucose results in 27 keal.  The yeast utilizes 3 kead lor growth and 24 keal is given off
to the surrounding lquid. This devclopment of heat must be counteracted by
cooling the fermenting wort. .

TTie Tivst visible signs of [ermentation ave seen after 12 to 20 hr. Then the wort
can no longer dissolve the formed carbon dioxide, which goes to the top and forms a
white layer of fomm.  Rising with the carbon dioxide are certain amounts of sedi-
ments, which consist mostly of hop tesins and proteins. By and by, the surface of the
wort is eovered by a dense, creany foam.  The cover inereases as the fermentation
beeomes more vigorous and displays a series of highly regular fornlions from creaniy
Cow eurds” to foumlike “high eurls.”  As the fermentation proceads, the cover sub-
sides and drops sinee fower bubbles ascend o support the cover und the inerensed
aleohol content affects it. }

When the daily drop in extiact is down to 0.1 to 0.2% extract, the beer is ready
for transfer to the lagering tanks.  The finished beer will contain from 0.40 to 0.60%

Ty weight of carbon daxid ¢, it from the fermenting vessels it contains 0.15 10 0.25% '

by weight of carbon dioxide.  The additiona amount of earbon dioxide must b nals

during the slow afterfermentation and will need from 0.7 1o 1.0% extract, or it may
sl

be added through carbonation of the beer during Giltrdaon,

Until the middle of Tast century oIl Termenting vessels were made of wood, nor-
mally oak, Pomeranian pine, Oregon pine, eypress, or California redwood.  The
vessels were conted on the inside with a luyer of shellae, pacadlin, or pitely, and they
were always opei. Nowadays, heeause it is almost fmpossible to keep wood biolog-

ically sterile, nearly all fermenting vessels are of metal, cither aluminum, glass-

enameled steel, or stainless steel, and many of them are closed in order to make it
possible to collect the carhon dioxide formed during the fermentation.

Iu the {grmenting roo quperature is held at about 50°C, Fhis oo and
the lagering eellars were formerly always real eellars, which were cooled with natural
ice, gathered from lakes during wintertine, stored in special ice-houses, and used

ot

during the rest of the year.  Nowadays, with the knowlede theve is of insulation angd
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with maodern refrigoration, fermenting and lagering cellurs eb have Lo be under-
il @nymore.
The surplus yeast is normally used as supplementary fodder Tor sev vml dmnvsl,:u

animals. 1t bas great food value sinee about two thirds of :
In addition the yeast has large amounts of vitamins of the 13 group, and it is the best
natural soneee of all these. A Tast 16 shoubd be menbioned thab evapovated yeast,
Juice, made by extraction of debittered yeast, is o good and chesp subsiitole Tor beef
extract as b s very near Lo it in cotposition aoed Tood vadie,

LAGLERING

With the end of the primary Termesitution the product is heer, but it i greatly
laeking in both taste and stability.  The taste is vaharmonions, harsh, and bitder,
and il has w peewdiar yeasty aroma which probably comes from higher aleohols il
aldebydes. Both the biologieal and the physico, chemieal stabilities ave unsalis-
faclory,

Priming. It linglaned, however, the beer is regarded as practicadly linished at this
stage, onky facking a final polishing of taste and appearance.  The tasto is corrected
thluu;_,h the so-called “priming” which is an addition of & small amount oT-TStTomy

oty nuxed wibh car The composition of Ahe “priming sugars’™ are
characteristic for cach brewery and, therefore, sceret.  After primnng, the beer is
racked and “lined,” which consists of adding a small amount of isinglass, “the finings.”
The eask ix left undisturbed for a few days, during which time the fimngs scifle,
adsorbing all other floating particles.  The sediment settles so hard on the inside of the
cask that even transportation does not shake i$ loose, and the beer can be served clear
for some time until a renewed Termenting begins.

Low-Temperature Lagering.,  In continental humpg ancl in the U8, the method
of hnprovement is 1 Jus 8 or tanks. In trans-
ferring the beer to these containers, the balanee that exists in the beer by the end of
the primary fermentation is disturbed, the liguid is stiveed to such an extent, ihad, the
remaining feementable sugr becones evenly distrilntbed, wd the beer s wired end ol
the saume time cooled so that the toxie effeet of the aleohol on the yeast diminishes.
All these influences canse a renewal of fermentation, whicl at first is rather lively, and,
liter, when the temperabure drops, very weak.  The chemical and physiend processes
during [agering are important, but, especially regavding the former, nol at adl well

wrering

Table B3 Changes in Volutile Substanees During Lagering

Higher Volutile
aleahols, i, 1uters,
g Aner e liler g /liter
gicen beer
Froliberg veost 7.2 ([ ARt
Carlsberg veast, 8.3 8.0 2.0
Ater 1 month's lagering '
Frohberg yeast, 0.2 5.0 %
Carbsherg, yeast. 1,5 h.2 1.1
After 2 montha’s lagering
I'rohberg veast 0.2 G.3 7.4
Curlsbreryr yeast 12.¢ 6.2 : 4.6
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known. The carbon dioxide formed during the rather lively fermentation at the
start removes with it some volatile substances (aldehydes and acids) and this {ends to
diminish the “young” bouquet of the “green’’ beer. The remaining higher alecohols
and acids, probably aided by esterascs of the yeast, are converted to esters, which also
help in changing the taste and aroma of the beer. Talde 13 shows the changes in
volatile substances during lagering (13).

It is clearly seen from ‘Fable 13 that esters are formed and that changes also oeeur
in the othier groups.  However, hecanse the charneleristic fine baste and aronn of beer
depend on numerous dilferent substances, the amounts of which ave very small, an
analytical investigation of these changes in laste and aroma is very diflicult,  In
this regard the lagering offers no troubles or possibilitics for changes; these changes all
accur during former stages.  There is one variation which is especially reflected
during the lagering and that is the anount of adjunct used. Moeh adjunct gives, as
mentioned, o high adtenuation, which means much aleohob e the Leer, and this again
gives rise Lo {hie Tormadion ol more esters than would normadly ocenr,

By means of pressure regulators, pressure is generated in the closed lagering
viessels and s kept at the value corresponding to the final amount of ¢arbon dioxide
desived in the beer.

Continental practice allows the primnary fermentation in the fermentor to proceed.

until 1t s 1.5 to 1°1” above final ferimentation or end-fermentation. At this point the
beer is pub iuto the lager cellar tanks and allowed to ferment out slowly in the cold
under pressures of about 31, A ripening and mild self-carhbonation takes-place.

In general, American practice mevely ullows beer Lo end-ferment in the fermentor,
and then it is put into lager or rub tanks for 1 or 2 wecks.  I3ecr is then earbonated,
filtered, finished, and packoaged.  After filtration, chill-proofing agents containing
proteslytie enzymes, such as pepsin or papain, and sometimes amylolytic enzymes are
added. '

Kraeusening.  Another process, which is not praclived much on the European
continent and only by a few brewers in the ULS. 1s thal of Fracusening,  Tond-fermented
heer from the fermentors is put into the lager tanrks and then ncertain percentage of
youug beer which is just beginning to ferment, cul[udbwn, is wehded. Fermen-
tution procceds at a low temperature and under pressure. This requires more Lime
and, henee, is 1 more expensive process, .

Formerly all lagering vessels were made of wood like the fermenting vesscls
Today, only tanks of aluminum, stainless steel, or glass-enwmeled slecl, and in some
few instances tanks of conerete, which are provided oii the inside with o wax or stain-
less steel hining, are used.

Control of Beer Turbidities. Bdluch is demanded of beer today in regard to
appencance and stabiliby,  From the beginning it must, be completely bright, and
st stay so for muny months under normal temperatures. Morcover, i must not
e hasy or Lurbid when stored in o refrigerator. The turbidibies formed in beer in
the conese of some time, or by cooling e a relvigerator, consist woxtly of protein-
tannin compounds.  Chill haze s mostly reversible, which means. that the beer gols
clear wavn when hested, whereas the twrbidities formed during a cortain length of
tine - ~oxidation haze—ire irreversible.

To_counteract the tendencies of beer to form turbiditigs many dilferent methods
have been tried during the yenrs.  The prineipal measure 1s 1o keep the beer ag ¢old

as possible during the last part of the lagering and during Gitratin. In conuneetion
N - i
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with this, many different methods of converting the proteins, which ave purt of the

turbiditigs, have been tried.  These proteins are rvather high moleeular breakdown

products of the original proteins in the malt, but in addition to being part of the
turbidities they also help i supporting the foam in the finished beer.  Because of
Lhis it is difficult to have a beer with a gooed shelf [ile and at the saune time a good head
retention and vice versa.  LFor a numbu of yeurs broeweries have employed the ad-
dition of certain enzy which w breaking down the
high molecular protein substanees, l' rom Germany, where wll additions of forcigh
substances That go tnto solution are prohibited, comes the treating of beer with
hentonite.  Bentonite scleetively adsorhs those protein sulstances that take part in
the turbidities but none of the bentonite itsell goes into solution.  Muany brewerics
have precipitated these protein substances during the lagering throngh addition of
tannin,  Activated earbon has likewise been nsed Tor adsorption, liven wheo they
lhelp thestalility of the beer, all these methods will, (o some exfend, diminish the head
retention.  During the Tast few years, many experiments have been performed in
another direetion, namely a partial removal of the tannins taking part in the tur-
bidities of beer.  The tanning are adsorbed onto very finely ground nylon or perlon
powder which is mixed with beer and alter some time separated along with the ad-
sorbed tanmins.  This treatment also improves the stability of the beer, but with no
harmful effect on head retention.

Control of Oxygen in Beer.  Since 1940, scicniific investigations have shown how
important oxygen is to the propertics of beer. Aiding in this was the coneept of redox
potenbial.  But beer has no reversible redox system, and sinee it s dillicult to measure
the pH of beer potentiometrically, a practical and now very wide-spread method, the
ndieator ‘Lime Test (1"} was developed.  Many methods have also been developed
for the measurement, of air, especially oxygoen, in beer on its way (rom the fermenting
rooln to the bottle or can. These experiments have brought about the practice
of moving beer from one vessel to another only under an atmosphicre of carbon dioxide.
Some breweries go so far as to fill the bottles with earbon dioxide hefore the heer goes
into them.  An casier melthod s Lo counteract the oxygen in Uhe bollled Deer through
the addidion of ascorbic acid or a ghucose oxidase sysltem.  Jlowever, neither method s
chtirely sutislactory.

s sueh as poeps

FLLTRATION

At the engd of lngering, the beer is in possession of the desived orgaanoleptic proper-
Lies, but it is sUll stightly hazy.  To remove bhis, brewers Tormerly used isinglass or
agar-wear; nowiadays, however, fillration is the ouly mewns, and until ahout 1940
filtration through lilter mass was used exclusively. The filber mass, which consists of

coblon fibers, wus normally mixed with aboub 19, of ‘Laln.s[,ns fibres and compressed

web into eakes, 3-6 e thick.  The eakes were then placed in frames in special Hillers.
Filtration by lilter mass wivs, and st i, wsually arranged as deuble ifration so thal,
the beer first passes through oue half of the lilter and lader TRTough th other hall,
Studies of this Torm of (lration have established that the Tlder mass packly exereises
a pively mechanical fillering elfect, dependingg on the sige of the pores, and partly an
adsorption cffect.  ‘The latter decrenses duving the filtration, and this wilects the
quality of the beer because with o newly washed filter mass the beer is nely polished
atb the sturt of the filtration whereas at the end the beer is not so finely polished.
A linely polished beer is one which is sparkling in appearance and has a good shelf life.
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Aboud 1940 two methods Tor prefiltration were developed to Tcilitate the work of the
muss filber and thereby save labor, heat, and water. Ouve method, developed in
Turope, consisted of placing one or more centrifuges before the filler; the other,
developed in the U.S. eonsistod of installing kieselguhr filters for the prefiltration.
Both methods filter evenly over the whole liltration period but can only be used Jor
prefiltration as they are unable to hold back the finest particles of the haze. In
Furope the kiesclgul filber hus been further developed so thal many hroweries todoy
cmploy 1t ns the only (ilter.  From Lurepe also comes another form ol filter, the shieel
filter, in which the heer passes through prefabricated and hardpressed thin sheets of
cotton fibers.,  Fhesheets may be of different hardness and therchy fitter the heer more
or less sharply; they can be so fiue in the pores that even bueteria are kept back and
the heer is filtered sterile. The sheets are used for short pertods ol then replaced,
whereas i the mass (ilter the filter s s used over and over again with washing and
pressing of eakes in-bedween,  Sheek Blieving s probably the most expensive form of
liltration (see Table 11} (L4).

Table 14, Compurison of Costs witle Dilferent Moethods of Filtration

Mothod . Caosl, ¢/bhl
double mass filter 16.9
kicselguhr filter 0.8 -
cenlrifuge and sheet, flier 17.6 -~
eentrifluge amd kieselguhr filler ’ 12,0
' kieselgubr filter and sheet, liller : 18.5

_ PACKACGING OF BEER
Q\ [ber Gltrtion the beer is pul into pressure tunks or bottling tanks, from which it
i taken Lo racking or lmttiingj Drarving these lust opurations it s very important thiat
there be (1) no loss of carbon/dioxide, () no sdbission o air (oxypgon), and (5l
especindly when

e s sold unpasteurized. To avold loss of wiohon dioxide

it is necessary To Reep Ghe beer constantly wider o pressare so ligh had, i corresponds
with or preferably is a hit over the partial pressave of the carbon dioxide dissolved in
the beer,  To avold adnussion of air, 16 is normal to let the beer abways meel o counter-
pressure of carbon dioxide hoth in bottling tanks, pipes, and {illers,  Inicetions are
avoided here, as elsewhere in the brewery, through daily cleansing and disinlection of
all parts which come o condact with the beer.

Botdling. 6 former times all beer Tefh the brewery as “keg’ ov “dranght’ beer,
but sinee the el ol the ningteenth century it has been usal Lo bholtle wl least some ¢
the beer. Today, bottling and ennning have attained real importance; in some places
all beer leaves {he brewery in Uhis way, while in othier places the dranght beer still is
froi one thied to one hadUol Whe total outpul. The emphasis on canning aod botting
of heer hies proclueed extensive changes in holiling machines so that $he newest, lighly
twechanized instaliabions which the big hreweries employ today are Tar renoved from
the fiest, very primilive apparatus nsed. '

'i'il(wtymumwmihmm a bobblewaghing waehine, bottling or
Lanning mgehe, growper, pasteurizer, and labeling machine,

I the bottle-washing machine the returned bottles or the new ones direetly
from the glass factory are thoroughly elenised.  Alter a preheating and eventually o
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prerinsing, the bottles are soaked in a soda solution of o cerlain strengtly, from (15 to
4-59%,, with a temperature between 70 and 80°C.  Some bottle svakers also contain
nylon brushes for cleansing bottle interiors. After soaking, the bottles in some
machines are also sprayed internally and externally with the soda solution before going
to the allerrinsing, bat in other machines all the spraying is done in the alter

rinser.  llere the bottles are sprayed with hot water, lukewarin water, and finally -
cold water. Machines in the U.S. are usually fitted with three, four, or five compart- -
ments for svaking with varying strengths of caustic soda and varying temperatures.

Caustic sodu strengeths are set by law not to be below certain minimuams.  In some
Instances caustic sprays for bottle Tnteriors arc used fs well as brashes. The finad
rinse is performed using sprays of filtered water.  Most Isuropean machines spray
the hotiles with the soda solution.

The elean bottles are transferved to the fillers with couveyor belis and nre wsunlly
inspreled on the way 2o that hottles which are nob elean enough mny be soeted oul,
The filling is always done under a certain counter pressure in accordance with the
amount of carbon dioxide in the beer.  From the bottling tanks the beer is transferred
by carbon dioxide pressure or by way of a pump. The bGller is {itted on top with a
reservolr, from which the beer is distributed to the various filling valves, When a
bottle comnes into the machine, it is first provided with a counter pressure cqual to the
one over the beer in the veservoir,  When this is established, the beer starts to run and
fills the bottle.  After the bottle is filled, the faucet or valve is closed and the bottle
moves on to the crowner. Normally, on newer machines the counter pressure is
relieved gradually, and not suddenly. In filling the bottles the heer displaces all the
air therein, and it is very important that the last of the air in the hiead space be dis-
placed through a slightovorfoaming bebween fller and crowner.  Some filling machines
are so arranged that the bottles first are exposcd to o certain vacuum, about $0%,
and then filled with carbon dioxide before the beer enters.  The method is expensive
and not completely satisfactory. I the erowner the bottles are closcd with crown
corks and pass on to the pasteurizer.

Pasteurization. The word pasteurization was inbroduced in the yeurs 18651867
to the wine and hrewing industries as the term for o heat treatment of wine and beer
to make these products more stable,  This dreadanent uses the mebhod patented by
Pasteur in 18G5, Pasteurization was originally limited to a heal Lrenttient of beer
and wine but it was quickly extended to the treatment of o large group of other
foodstufTs, nnd Ltoday the definition of pastewrization is a partinl sterilizntion, especindly
of {luid foodstulls and stimulants, by a moderate heat breabment.

In the pusteurization of milk it is important that all pathogenic microorgnisims
be destroyed, while lauetie actd bacleria are left more or fess intact.  Therelore, the
pastewrized mitk is not sterile, 14 s ondy freed from pathogenie bacteria and some
putrefuetive bacteria, _

In the pastenrization of beer i i important that ofl microorguai<ims which are
likely o develop in beer be destroyed, while certain spores of haeteria thal eannob
develop under the given circimstanees are lelt more or less inkack. By meinns of

L

pastenrization the hear reaches an unlimibed biologieal stababiby.

Since the advent of pasteurization this heat treatment has held s own as the
ouly perfeet method to make bheer biologically stable, and the undesivable effeets,
with regard to taste and shelf life, which follow the heat treatiment under uncontrolied
conditions, have only been able to delay the spreading of pasteurization in countries
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with eonservative hrewing indusivies.  Today, thanks to the results of seientific
investigations, these drawbacks ean be reduecd to a minimum, and the practice of
pastenrization is spreading.

T a modern, Tully automatic pasteurizer, the bottles are heated during 20min to
about G0°C, kept at Lthat temperature for another 20 min, and ot Tast cooled to about
20°C in 20 min.  Such apparatus is expensgive to procure and ('xpmmiv(- to operate in
regard to consumplion of water and heat even though the heating water is recireulated
by means of pumps and heal exchange is arranged between the heating and the
cooling zones.  Moreover, the_heer, as mentioned, is kept for 20 mi
ch whieh, together with parts of the healing and cooling, causes the beer
to be kept at ¥ather high temperatures for 30-40 min; this is undesivable in regard to
stahility and taste. This method is known as “long-time’ pastenrization.  Many
Ameriean and Furopean breweries have been able to shorten the length of time re-
quired for long-time pasteurization.

About twenty-five yoars ago several reseaveh centers started experiments with
“short-time” or “bulk” pn..stmmmtmn, and sinee then many breweries have adopted
this method of pasteurization. With this method the beer is treated between the
hottling tank and the filler in n plate apparatus in which the beer is heated to a pastenr-
izing temperature of about 70°C, which is maintained for 30 sce, after which follows

“the cooling.  The treatment lasts about 2 min, which results in less undesirable effects

regarding taste and stability. Morcover, this apparatus is much cheaper to procure
and operate. Fowever, this method has one drawback which many browers consider
fundamental; the once sterilized heer from the plate apparatus may be reinfected,
either in the pipes or the filler or from the bottles if they are not completely sterile.
In order to use this method it is extremely imperative to have what is known as
“sterile filling.”

To guard against reinfection of the bulk pasteurized beer, a new filling method,
called “hot {illing,” was developed in Germany in 1957, With this method the beer is
pasteurized in a plate apparatus ab about 70°C and then hottled at that temperature
in special fillers which can operate at that temperature and under the eorresponding
pressure, which is between & and 12 atine However, the use of hot filling of hotiles
is not practical when eartons ol boliles of linished beor nre stacked on pallels inoa
warehouse.  [Teat is then held and this is equivalent (o an aceelerated aging process,
Some method of eooling must be developed and thas far the solution to this problen
has not heen easy 1o lind, )

After pasteurization the bottles arve labeled.  Nowadays, the bottling plants of
higger broweries are very highly mechanized with great savings in manpower as o
result.  There are mechanieal unloaders of cases before the washing machines and
mechanical loaders alter the labeling machines so that the boltles are never tonehed
by hands all the way through the hottling plant.

Canning. Distribution of beer in eans decidedly reduces the weight of the
packaged beer and eliminates the problems of returning the empiy gliss condainers
and cleaning them for reuse.  Another advantage of cans over hotbles is the better
heat transfer through the thin metal walls, which facilitates pastenrizadion at minimum
temperatures as well as rapid cooling before serving the beer.  Furthermore, the can
provides complete protection against “light dam‘lnc‘ " 1_&1_@@4%
photochemical reactionsin beer whereby hye mereaptans are liberated
causing.an off-ador.
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The filling of beer in cans follows the same prineiples as bottling, but great de-
mands are made on the quality of the bear eans, They are usaally made frony 60-11
tin plate although experiments are now in progress with 55-1b.  Almast all tin plute is
0.25-1b tin.  Tin, however, reacts with beer proteins to forn insoluble tin proteinafes;
therefore, the cans are given an inside lacquer coating.  This eoating must be chemi-
cally inert and must not impart any Javer or edor to the bheer.  The mosl salisfhetory
lagruers have been formulated from vinyl resing, which, however, adhere rather poorly
to plain tin.  The vinyl lacquer, therelore, is applicd over n base cond of normal food
Lwequer of the oleoresinous type.  Laequers formulated from tung oil and oil-soluble
phenol- formaldehyde resing have proved 1o be particularly well suited; they are
applied to the flat sheet nud baked ag 150-200°C for 10-20 min,  Tipoxy-base coatings
have also heen found to be excellent.  Lithographic decorations are applied 1o the
outside before forming the ean. The exlindrieat shell is assembled amd the soldering
line is spraved with basge lnequer before the final applieation of vinxl lnequer. The
end pieces are similarly treated and furnished with a ring of composition rubber to
provide a tight seal when they are erimped ontoe the can,  The entire can must he
perfectly covered beecause heer in eontact with the smallest amount of tin will soon
beeome hazy, ‘The 6in eoating must he continuous and free of pinholes in order fo
prevent olectrolysis and the introduction of iren into the heer from the steel-base
metal. Top cans to be sealed with crown corks present a special problem heeanse of
the heavy impact during erowning, and, therefore, a final inside coating with eryvstalline
wax has heen adopted: this wax is derived {from high-melting parafling of Jetrolenm
hase.  Cone-top and wax-coated cans are rarely used in the U.S.

The eanning of beer originated in the T.S. and about one third of the total U.8.
output is canned.  But many other countries have adopted this method of packaging
the beer during the last few years.  In Denmark three breweries have installations for
anning, but the cans are used exclusively for export and no canned beer exists on the
Danish market. [n Sweden two of the biggest hrewing coneerns are canning beer

Table 15 Propertica of Beor

1.5,
Pilsener lager Danislhi English  Foglish Munich
Property Traquell Lieer pilsener ale stont Lawonbran Dortmund

original extrael.

condend, °P 1201 ita-12.0 16 [5.0 21.1 13,4 3.6
real extract

eontent, °17 5.3 5.5 3.t 5.4 8.7 6.4 5.5
alrohol confent, %,

by weight, 3.5 3.4-3.8 3.9 5.2 6.7 3.0 4.2
protein content, %

by weight 0.28-0.35 0.3 0.6 0.8 0.5 0.6
CO, content, %

by weight, 0.53 0.5 0.40 0.41 042
coloc® 10 2.7 h ’ 40 8
air in hotlle,

ml /ot ile 1.5 2 8 10 G
pH 4.25-4.5 4
real degree of atten-

uation, % 60-75 (0 iy it 48 G0

* Aceording 1o the Furapean Brewery Convenlion.
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for home consnmption, and in Bngland many brewerios have adopted this method of
packaging.

Racking. Racking of heer, thal is pubting it inko kees for dranght sale, is done
in the same way as the ling of bottles.  The kegs, made of wood with special coatings
or aluminum or stainless steel, are cleansed and sterilized and brought to the racking
machine, which operates isobarometrieally in the same way as the bottle fillers.
Diraught beer is sold mostly in a rather local market and, therefore, 19 sold unpastenr-
ived. I the beer is shipped over longer distanees, 16 may also he pastearized, citherin
a plate apparatus before filling or in the keg after Gilling.

Properties of Beer

The properties of the finished beer natarally vary with the type and place of
origin,  The properties of beer fram dilferent countries are listed in Table (5.

However, the figures listed in Table 15 do not say mneh aboat the quabity of the
heer; this can only partly he expressed in figures based on objective measurements.
The quality consists of the following attributes: aroma, taste, appearance, formation
of foam, and stability of foam.  Of these, the first two are still unaceessible to objective
measuremoent. It is true that a quantitative expression of the aroma exists in the
amount of volatile aleohols, acids, esters, and aldehydes, but the most important
attribute, the quality, cannot be expressed in this way.  Appearance, foam formation,
and foam stability can be evaluated more easily.  Tor judgment of taste and aroma,
the “taste-testing panels” ave the only way; these were developed carly in this cen-
tury and at the present time are the only way to measure differences in taste with
any degree of confidence.

Nutritional Value of Beer

Only sinee about 1950 has the importance of heer as nourishment been hasically
examined. Beeris, of eourse, drenk primarily as a source of quid and for its pleasant,
and refreshing taste.  Nonetheless, its physiological propertics are of great impor-
tanee.  The calorie content of beer is significant although in present-day light
gravity beers it is not especially high. A 12-0z bottle of average beer yiclds approxi-
mately 156 calorics.  (The normal daily ealoric intake of & man is about 2,500 enjories.)
The ealorie value of beer is provided parily by the unfermented residues and partly by
the alecohol.  The metabolic role of the latter is not fully understocd, hut though it is
not stored in the body, to some extent, it takes the plice of earboliydrates, fats, and
proteins so that with excess aleohol there may be a gain in body weight.  Besides its

Table 16. T3 Vitamins in German Beers

Average value, Varintions,
Vitamin micrograms/liter micrograms/liter

thiamine (13,) 40 25-H0)
ribotlavin (13;) 280 118-420
pyridoxin (Bs) 470 300-750
nicotinis acil 8,800 3, H00-10, 500
pantothenie acid 700 470-1, 100
hiatin 5.3 2.6-8.0
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ealoric value, beer also contributes to the mineral requirements of the body and
supplies nselul quantities of vitamins ol the BB eompiex.
Tahle 16 lists the amounts of 13 vitamins in fourteen German heers {15),  These
results corvespond with similar Investigations of lsuglish and American beers,
‘ An additional special use of beer is in the control of sodium intake in treatiment of
: diseases, such as congestive heart failure, high blood pressure, and certain kidney and
liver ailments.  Studics earried out at Yale University have resently eonfirmed the ‘
i ) value of heer in reducing nervous tension, a faet already known to millions of bheer
Ay drikers. o ‘
I Twa Danish researchers have studiced the role of beer in a diabetic diet,  Pdabeles )
: mellitus, which is caused cither by a low proditetion of insulin in the body or by an .
excessive demand hy the bady for it, requires the patient to exerclse very careful
control over his carbohydrate Intake.  Studies have shown that a boitle of average
' .‘{f beer contributes less than one teakly af tlue datly optiounn eachohydente intake and of
|
!

. ———

the daily ealorie requirements of the average diabetic and that up to two hotiles of w
beer can safely be inclided in a diabetic diet.

' . * Beer Defects

Among the hecr defects the turbidities are of primary importance. They may be
induced by oxalic acid (from the barley, 10-20 mg/liter), metals, chilling, and heating
(pasteurization). The chill and oxidation hazes are the most frequent-and they
appear through reactions between polypeptides, from the globulin, hordeines, and
glutelines of barley, and tannins. Some rescarchers believe that they may appear '
through reactions between polypeptides and pentoses hut without tannins.  The ways :
and means to counteract these tendencies have been mentioned previously (see p. 321). ;
During the last ten years several methods have been developed, by which it is possible
at an carly date to predict the shelf life of the beer; these include titration with sulfate ) . I
of ammonia or with ascorbie aecid, “Light damage,” which oceurs through the in-
fluence of ultraviolet light, 18 due to organie sulfur compornds, e, elhiyl thioglyeolide,
which s formed photochemically from eystin and into whieh flavin and o dehydruse
also enter.  The best protection against light, damage is to use brown hottles, through
which the least amount of ultraviolet light passes and, of course, eans. .

“Wild” beer i3 o very unpleasant and very dvended defeet in beer.  This s vather !
violent overfoaming of beer from the botile immedintely after opening; however, (his
does not affect the taste of the beer. Mueh researeh has been done to discover the :
cause of this defcet, and it has been found that certain metals may coniribute, but the
primary cause is believed to be the bavley from certain years in which various conditions
during harvesting might be at fault,

——— .
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Reeent Developments in Beer Production

3il ’ Continueus Operations.  The maliing and brewing front the beginning and until
' now have always been operaling with “batel” processes. During Che past (ifty years
many industrial processes have shifted from bateh working to eontinnous methods, as
in the production of ethanol and butanol, and certain microorganistms.  During the
last few years there has been an inereased interest in the malting and brewing industrics

for making their processes continuous. One of the-advantages offered by continuous
working_would be that the quality of the product ean_readily be maintained at 4 ’

.

——
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unilorm level, thus avoiding the variations [ron one bateh lo another,  I'urthermore, i
continuous methods are more adaptable to automatic regulation and are thercfore g
likely to reflect lower labor costs, Important, too, is the time which might be saved Uk
by drastic reductions in the frequency of cleaning equipment because continuous
processes can often be operated for long periods before ¢leaning becomos necessary.
L. Undoubtedly, the most important advantage aceruing from a change to continuous
methods would be that present produetion could be aclicved by a much smaller plant.
This increased elficiency over the traditional methods would stem substantially {rom

{the elimination of the slower phases of the process. Thus, once the maximum rate of
fermentation is achieved, it can be maintained and there will be no slackening off,
such as occurs in the conventional bateh method, during the final stages of fermenta-
tion.  The American praclice of using batch processes ab rates of up to 21 brews per day
{each brew may be 600 bbl or more) is so close to & continuous stream as to be -
distinguishable.  In this method sutomation of brewhouses has redueed  requived i
personnel to 1-3 men per shift. 3
One of the disudvantages of the conlinuous brewhouse is that there is a loss of
{lexibility in material choices dictated by changing cconomics.  Problems of cleaning
are also great.  Continuous processing at any point in the brewing process can take
place only if a substantial reduction in cycle time can be made.  T'he present state of ;
1]

kuowledge indicates that it may be possible to ferment beer continuously if the size of

the brewery is below 500,000 bbl/year.  Also no examples have been given of suceess-

fully matehing the flavor of an exisling highly succosslul beer, At the present lime

there arc no installations which embody the continuous operation of all the steps;

only partial steps arc in operation and many of these are on a pilot seale. Unless

lagering can be accomplished in days or hours instead of weeks, the completely con-

tinuous kurge brewery, in exeess of 1,000,000 bbl/ycar, is not presently possible nor will
it be so in the next ten years.

In the malting industry there are some hall-continuous systems i practical l

E

b

}

e

operagbions, snch as the American “Fravenheing,” the German SWandechapafen,” el
the Freneh “Morel” systems,  In Canada o step has heen (aken in this direction by
the “Domalt” continuous Ilow Malting System, which is the first really continuons
malting system, developed by Dominion Maliings LAd, and ereeted al Toronto.

The brewing proeesses are Iess adaplable to continuous operntion, but nevertlic
less some different systems have evolved.  Ino Moscow Lhiere s w conbinuous brow-
house, producing 40 hl of wort per hour.  In England two systems have been tbried,
oue hy the Brewing [ndustry Researeh Foundation and the other by the an Aluminuam
Mant and Vessel. A continuous APV plant has been erceted in a Swedish hrewery.,

Continuous fermenting is alrcady worked on a large scale by Dominion Breweries
tn New Zealund, who have taken out o patent on their method.  Almost 80%, or about
1.7 miilion hl, of their production is made by continuous fermentation.

et o sl -SRI Al e A e
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. ‘ CONCENTRATED BLEER
During the spring of 1961 Union Carbide Corporation together with one of the
leading U8, breweries and a leading manufacturer of eitrus jniee announced a beer
concentration precess (16). Busicully, this is & erystallization process in which water,
constituting about 90% of a nermal beer, is removed from beer by forming and
growing pure ice erystals at temperatures below the freezing point of water and then
separating these lee crystals from the beer concentrate.  In this mainner heer ean be
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Single Strenglh Ruh Beer

/f ] from Fermenter

l ’ Parlly (Twalold)
Concentrated Beer
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_J Final (Fourfold}
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Centrifuge Centrifuge Concentrated Beer
to Filter
NN s B
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Spenl lce Discharge

A r——

I"ig. 5. Diagriun of the heer concenbration process.

reduced to us liblle as one quarter of its original volume.  After fillering, the heer
concenirate s ready Tor reconstibution by the addition of waler and carbon dioxide,
T'he entire process is sical tather Ghotiw g wal one.  Nothing w added Lo the
beer at any poind in this process [or the purpose of facilitating the coneentration or
reconstitution of the beer.  The Union Carbide freeze concenbration process is now
well established on a commereial basis in the orange juice field.

The process, still only in the pilot stage as applied o the brewing of beer, may be
thought of as a sort of lagering process.  Traditionally, rub beer is held in large
storage tanks for weeks alter fermentation is completed in order to carry oul proper
lagering.  During this period, cortain constituents are precipilated from the heer,
During the concentration and subsequent lillering step, soime of the constitients that
contribute to the instability of finished beer are removed.,  Since the concentration,
filtering, and subsequent reconstitution ean be accomplished in a matter of hours, il
desired, the resulting beer can be ready for conswmption shortly alter fermendation is
completed, rather than weeks later as is the case with preseut lagering techuiques, or so
it 13 clatmed.
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The beer concentration process is illustrated in Figure 5. At the end of fermen-
tation unfiltered ruh beer is fod into an tee generator, where pure ice erystals are grown.
The partly concentrated beer and ice erystals are separated in the first stage contrifuge
and the purtly concentrated beer passes to o seeond ice generator, where it is further
cooled and additional ice erystals are grown.  The crystals and the -concentrated
heer are separaded in the sceond stage centrifuge. At this point the heer hus reached
its final concentration.  The concentrate leaving the second stage conteifuge is
[illered and is then ready for storage or recoustitulion.  Minor amounts of aleohol
wnd soluble solids (beor extracts and flavoring eomiponents) wre retained on the ice
leaving the first and second stage eentriluges and are removed in a final centrifuge.
The aleohol aml soluble solids recovered in the fnal centriluge are returned to the first
stage to prevent losses.

The number and size of the iee generators and centriluges are determined by the
individual requirements of the bhrewery,  Two-stage operation appears to offer the
most economical and {lexible operation.  In view of the high refrigeration recovery
front the ice, it is expeeted that present reflrigeration capacity in many breweries will

be adequate to supply the precess wlter the addition of booster compressors to oltain -

the required low temperatures.  The degree of coneentration of the beer can be varied
as desired.  In general, a concentration of about 4:1 is preferred for ceconomical
operation, but lesser concentrations can readily be made and are within the control of
the operator.  The concentration system is operated continuously and autonmatically.
The beer from the fermentor enters the fivst stage ice generator and the concentrate is
discharged from the system in a gontinuous flow.  The entire plant is completely
instrumented to give full automatic control of the operation.

Reconstitution of the beer concentrate is accomplished by the addition ol the
desired amount of watler and by earbonation in the normal manner.  No special wader
is required lor the reconstitution,  u fact, the water used for reconstitution is not so
eritical to the taste ol the [final product as the effect of the water used for the hrewing
of the heor. '

The concentration process resulls in three products, heer coneentrate, beer recon-
stituted from the concentrale, and the recovered ice.

The beer concentrate is darker in eolor than beer prodoced by previows methols
and slightly more viscous. A comparison of the compositions of beer coneentiube
wid conventional heer s showi in Table 17 (17).

Table 17, Compartton of Compagitions of Beer Copeentrate wod Conventional Deer

Wit % of constituent in

Constituent voncendrate cunventional beer
aleohol 15.00 3.75
extraet 19,72 J. 82
protein L0 ‘ (H.3H
reducing sugurs 1,92 1. 14
dexiring T L 56 230

The beer which is reconstituted from beer concenbrate is identical in appearance
with conventional beer. Table 18 shows a comparison of the compositions of beer
reconstituted from beer concentrate and conventiona! boer (17).
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Tabie 18. Composition of Beer Reconslituted from Concentraie and Conventional Beer

W1 %, of eoustituent in

- reconstituied conventionut
Conatituend heer beer
aleohul 3.75 3.75
extracl. 4.67 Td.82
protein .33 0.3
reducing sugirs b 14 1.11
dextring 2.48 2,50

These analyses establish that Deer produced by eonventional methods and beer
reconstitided from concentrate are alike from a chemieal standpoint, Pasting is
even belter evidenee of their simitavily, A panel of expert tasters tried (his new
process beer and cach pane! member deseribed it as high-quality beer.

The concentration process has imany advantages, but the views upon it differ
very mueh within the brewing industry.  Much study still remains to see il the process
cun produce beer identical to that produced by the normal process.

Economic Aspects

Ciood heer s a drink whieh enjoys 2 unique popularity all over the world.  During
the years from the end of the Jast war and until 1934 the world beer consumption
increased 309 and it is still vising.  In 1054 the total production was 327 million hl or
34 million more than the top year of 1912, In 1960 the production was 387 million Ll

Table 19, Beer Production in 1960 in Various Countries

Tatal nmound

of beer Per eapiia Avunint of bewr Amount of hoer
hrowdied, consumplion, axpariol, Bnparted,
Country in 1,000 N liter in 1,000 1l in 1,000 hi
Bedgium 12, O} 140 200 378
Tauxembourg 304 126
West Germany 54,000 1434 015 150
Australia 10,525 102
New Zealand 2,411 101
United Kingilom 44,075 S0 il 2,600
Denmurk 3,288 i 8K
Austrin 7,064 72 2 11
Bwitzerland 3,200 (h 10 18
Canlda 10,720 (%}
United Stales 102,464 A7 26 471
I'rance 1G, Gt 38 714 177
Sweden 2,330 31 : it 20
Norwiy K80 21 ' )
Netherlands 2,734 24 Iy 104
Cubn 1,332 21
Argentin 2088 12
Haly 2,486 ) 1h 88
Other countrics §O9, 26
Velat HRT ARG
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The per capita consumption differs very much from one country to another.  Tabie 10
lists the total amount of beer produced, exported, and imported, and the per capita
constmption in 1960 in various countries.

Denmark. In Denmark beer Is a very popular beverage, by far the most impor-
tant, of the aleoholic heverages.  Ifor more than [(ifty years Danish breweries have
concentrated all their efforts into making a good, pasteurized, boitled beer heennse the
amount, of draught heor required has heen very small during these yenrs, Thirty
years aeo dranghl beer was less than 2% sl today less than 149 of the tobad beer
consumption.  Thus, in this ficld Denmark has a rather mnique place among the
Touropean countries, having gained a great deal of experience In making bottled and
pasteurized beer for so many years.  Dwring the yeuars 1955 to 1960 Daunish breweries

started canning beer but only for the export market as no canned beer is sold on the

Danish market.  ‘The production of beer hns gone from 2.7 million Il in 1930 to 3.8
millton hl in 1961, The export of beer in P9S80 was about 100,000 bl but inereased
considerably after the war and in 1956 was 166,000 hl, and in 1961, 500,000 hl,  Among
the beer-exporting countrics Denmark ranks in fourth place with the Netherlands,
West Germany, and the United Wingdom exporting more. But for the moment
Denmark has the world’s sccond greatest exporting brewery with a Netherlands
brewery exporbing the groatest amount of beer.  There is practically no import of
boer into Denmark.  Table 20 lists the various types of Danish beer and the taxes
imposed on these heers. ’

Table 20. Types of Danish Beer

[imit on

Limit on original Thax,
Category Type uleohol extraet, kr/liter
top-fermented, low less than 2.25'%,
in aleohol, high in by weight
oxtraet [roe
TI botdom=fermend ud o lean han 22577, S0.60
by weight
I baltiom=fermented, less Lhan 1L75°1 168,30
pilsener type
A bottom-fermented, ‘over HETH0 bt less 19855
axport fype than 13.00°
B hattoms-lfermented | over 13.00 °) AT 8L

shrong heer

Maore than 909 of the beer in Denmark is of category I; the beer for export is of
category I and A, Denmark has thirty breweries making all eategories of beer and
about 100 very small breweries making only tax-free beer.  The two biggest breweries
make 809% of the total production.

Scandinavian Countries. In Norway the sale of heverages containing nleohol is
hound by very striet regulations.  Becanse the number of retail sale and Heensed
places is very limited, a considerable quantity of the beer produced is sold direetly
from the breweries to the private consumers.  The import of heer is not great.  The
types of beer are nearly the same as in Denmark, and the most common is the pilsener.

In Sweden, as in Norway, the sale of beverages eontaining aleohol hias for many
years heen under shriet regulations although in Sweden they werve somewhat relaxed in
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Table 21, Swedish and Finnish Beery
Alenbol content, Original T'ax,
Cutepgory % by weighl extraclt marks/liter
Sweden . '
T not over 1.8 '
Ti not over 2.8 .
* I not, over 4.5 !
Finlaud
not over 1.4 notover 5.0°F free 3
1 nol over 2.25 4

" not over 3.20 16 )
I not. over 4.50 &y g
L]
t
. .o . - Y N e . . 4

1955, Swedish beers are divided into three types (see Table 21)0 The eanning ol
heor hias been taken up by some of the bigger brewing concerns and eanned heer is sold o
on the Swedish market. :
In Finland, too, the restrictions on aleoholic beverages are striet.  The making of /

stronger heers are governed by astate monopoly.  Finland had total prohibition from

199 until 1939, which proved fatal for the brewing industry.  After repeal a new
development, started, but was interrupted by the war.  There is no import and very
little export.  Table 21 lists the various kinds of Finnish beers. - .
Tu the three Seandiuavian countries, Norway, Sweden, and Finland, nenrly all the .
beer hus bean sold bottled for many years, as in Demnark, hut in condrast to Demmark
beer in these countries has been sold unpasteurized.  Only during the Jast few years
has pasteurization gained some foothold beeause of consumer wishes.
England. For many centuries England produced large amounts of beer and is !
still a leading country in this ficld. The beers of England differ very much from
those of continental Europe since they are top-fermented and contain very little
carbon dinxide. Im England draught heer still plays a great role although the packaged
beer is gaining every year.  Paekaged heer is ad present, hetween 35 amd 40%, of Lotal
heer consumed.  Many English consumers have acquired a taste Tor the continental
beers andd Tngland has for soime years been the world’s largest importer of Tnger heer,
Now English hrewers are entering this fictd, 1oo, and several lager heer brewoeries have '
heen erected during the last few yoars,  The export of beer is mostly to other countries
of the Commaonweanlth and the import is mostly lrom Treland, Netherlands, Germany,

and Denmark.  The tax on beer in Tngland varies direeily with the specific gravity of !
the unfermented beer, the wort, which, of conrse, is direclly relatbed to sy aleoliolic .
strength alter fermentation.  In 1939 the tax on a pint of beer was 2d; in 1962 it was ‘
8.5d. ;
Germany. In Germany the production of beer has risen sharply during the last o
ten years, from 18.2 million hl in 1050 to 54 million hl in 1960. Export, too, has
, inereased considerably, from 120,000 hl in 1950 o 915,000 hl in 1960, As in IEngland
“V draught heer in Germany played the leading role for many years, but packaged beers J

are taking over more and more; in 1960 ihe latter was 609, of the total production, .
but still a very Iarge part of this is sold unpasteurized.  See Table 22 for the various
types of German heers.

More than 989, of the total beer produeed in Germany is of the eategory “Voll-
hier.”  Germany has a lllli(]ll(‘,. place among the heer brewing counlries e that sinee
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about the year 1500 brewers have followed a deeree called “Reinheitsgebot” which
states what beer must be made from—“T'o make beer one nnst use barley malt, hops,
veast and water only and nothing else.”” This deeree is still valid, and only beers
made strictly for export are allowed to contain anything other than what is stated in
the Reinheitsgebot.  "T'his, of course, considerably affects the use of adjuncts.

Table 22, German and Trench Beers

Category Originnd extrenet, °P

Grrmany

Finfachbier 2 0-5.5
Schankbier 7.0-8.0

Vollbier 11.0-14.0
Sarkbiee 13,0 and upwards

Franen

petite bitre Sk

Bifre de table H000

hitre haek 8.4-0.7

bigre de luxe 1.8 and npwards

France. TIn France the production of beer (sce Table 22) is mostly concentrated
in the northern and castern parts of the country with the southern and western parts
preferring wine and cider.  The production of heer has visen from 9.1 million hl in
1950 to 16.7 million bl in 1960, and packaged beer amounts to about 8094 of the tolal
praduction.  Nearly all of I'rance’s export beer is sent Lo its own overseas regions,

Netherlands.  In the Netherlands the consumptinon of beer is not very great, bul
this country is, and for many years has been, the world’s greatest exporter of heer,
although its standing is now threatened by West Germany.  On the average the beer
tax amounts to nearly 18 hfl per hi full beer {12.5°P). The various types of beer
produced in the Netherlands are listed in Table 23,

Belgium. Tn Belgium, heer is the national beverage and the brewing industry
is one of the most important industries of the conuntry,  As far buek as sueh stadisties
were recorded, Belgium alwiys has the highest per capita consumption of heer il
still holds first place (see Table 23),

Table 23. Beers of the Netheriands and Belginm

Categury Originnl extract, °P
Netherlands
donker Lger RO 5.0
{ussen bier h.8-10.4
licht, zwaar 11.0-12.0
donker zwanr 11.5-12.5
ckstra zwaar 16.0—and upwards
Belgium
ménage 13 2439
. i I ]
ménage A G.2-6.7
n 8.8-9.4
1 .0-11.5
auptrieure 12,5420
hixe 15.1 and upwarda




R A

¢}

LY

*

ENL N

«

336 BEER AND BREWING

Haly. The brewing industry of Ttaly does not represent an important part of the
ceonomy of the country. There are two important types of Italian boers—hirra
normile with an original extract of 11.2-11.9°P, and birra specinle with an original
oextract of 13.1°1" and upwards.

Furopean Associations, For the past few years in many of the Iouropean conn-
tries there has been novery greal consolidation of breweries going on, especiadly ndhe
United Kingdom, Belginm, France, and Sweden, while other countries have not heen
very affected by this trend,  Table 21 lists the numbers of breweries in difTerend,
countries for various years,

Table 24. Dreweries in DiTerent Countriea

Number of hreweries in

Cuonntry 1900 1921 1950 1960
Phndten] Stades S [N wra 2
Ciermany 14, 281§ 0,265 2,681
United Kingdom H,447 2,670 AT 250
DBelgium 3,223 1,502 (Hyl] 125
I'rance 2,540 1,227 $H38 250
Cuechoslovakia 849 585 317
Sweden 170 75
Denmark 379 214 170 o120
Netherlands 503 257 G0

The brewing industries of the Common Market countries (West Germany,
France, Netherlands, Belgium, Luxembourg, and Italy with Crecee as an associated
member) in 1959 formed a group called the Communauté de Travail des Brassceurs du
Margh¢ Comrmun which deals with the barmaonizing of laws concerning produetion
and sale of beer.  In 1961 the brewing industries of the European Free Trade Area
{(EI"TA) countries, United Kingdom, Denmark, Norway, Sweden, Austria, Switzertiund
and Portngal, formed a similur association culfed PITA Brewees iformstion Center
(EBIC).  In addition to this the Council of Liurope has heen working for some yours
on the harmonizing of laws for the production and sale of wines, spirits, and beer.

Oun the Lechnieal and scientific side the hrewers of the western Buropean countries
establishied rapport soon after the last war.  In 1947 they met in Scheveningen in the
Netherlands and formed the Ewropean Brewery Convention (BBC), which now holds
a congress every other year. A these congresses brewers of all the Buropean eountries
meet, together with guests from many other conndries of the workl, {6 diseuss mattors
of technical and sciendific iderest.  Between congresses the committees of the 1WBC
hold meetings of their own.  These committees include the Barley Committee, which
sets up trials with old and new varicties of barley in all the member countrics; the
Analysis Committee, which works with the harmonizing of methods of analysis for
harley, malt, wort, and beer; a subcommittee on “beer hazes,” which has been working
for some years; and a subcommittee to study hops, established @ few years agn.

United States. "The hrewing industry of the U8, is young in comparison with
the Furopean brewing industry even il there are breweries in the US, with o hislory
ol more than 100 years.  Dut the T8, has always, especially in the years after repeal
of prohibition, made use of technical and seientific “know-how™ and today stands in g
very fine place among the brewing indaostries of the workd.
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The beers of the U.S. arc nearly all of eontinental [Juropean type although there
are some ales of English type, but in contrast with the country of origin, they are made
with bottom-fermentation yeasts. By far the greatest part of beer is of the pilseuer
type with anoriginal extrack Detween 11 and 12°0) and conforms to what ?‘%ﬁ-ﬁ%‘
called the “Asmerican Light Standard)” light in taste, pale in eolor, rather bland with

ho

ronounced hop aroma. On the average, American beer containg about 90

water : —35%_alcohol,_and_seme_carbon_dioxide, profeins,_and
minerals, ITn total production the US. brewing industry is the world's Lugest with
ore than 100 million hl per year, but in per eapita consumption, 57 liters, the U.S.
ranks below many other countries,  The LS, also has the world's Jargest breweries,
In 1934, packaged beer was only about 259%, of the total beer produeed, hut the yewrs
sitce then have brought great changes and today packaged beer is over 80%, of the
total.  Very interesting in this conneetion is the great rise in canned beer production,
wliich now is about one thied of all beer produced n the U1S, Also the Ameriean
invention, the one-way bottle, has gnined muoeh in the last ten to Giteen years so that,
now 20% of all bottled beer is packaged in this way. A one-way botile is a light-
weight glass bottle with a cone-top instead of a neck.  In appearance it is much like
the eone-top beer can, and the American glass faclories call it a glass-can.  The one-
way bottle 1s furnished with the captions “No Deposit” and “No Relurn” cast into
the glass. The weight of it 15 only about hall the weight of a normal beer bottle.

Most of the packaged beer produced in the U.S, is consumed in the home., Before-

prohibition draught beer acecounted for 799% of all beer consumption.

The highly mechanized status of American breweries is seen clearly when one looks
at the output per worker. In Europe 900 to 1,000 hl per year per worker is eonsidered
good and the best breweries produce about 1,300 to 1,400 hl per year per worker.
In the U.S. brewing industry the average lies al about 2,150 il per year per worker,

As in all other countries the beer in the U8, is taxed.  The beer tax started in
1864 with 31.00 per barrel (1 barrel is 1,1734 hl) and is now $0.00 per barrel.  This
is the federal tax and added to it is the state tax which varies from one state to an-
other, the highest heing South Caroling with vearly $20.00 per barerel i Lhe lowest,
AMarylaaud and Missouri with only $0.9:3 per bareel,

In the U8, the technicians and the scientists of the brewerios are organized in two
associations, the Master Brewers Association of Ameriea (MPAA) snd the Awerican

Society of Brewing Chemists (ASBCY.  Both have conventions cach yeur, at which

many Dhrewers meetd and exclinge views on current problems, The ASBC hay done
much, similar to what the Analysis Commiliee of the KBC has done in Furope, to
harmonize the methods of analysis in the brewing industry,

Canada. In Canwcda there are two main Lypes of heer, Iyger, and ale. The byeer,
as i the UR, Is of continental type, made from botlom yeasts, pale and light, in taste,
and highly fermented.  Ale 1s made from top ycasts, is heavier in taste, has more
“body,” is not so highly fermented, and has more hops. In addition, small amounts
of porter, stout, and bock beers are made.  Stout has more hops than porter and has
a higher original gravity.,  Canadian beers must not contain more than 4%, alecohol by
weight, and most beers have this content.

The ariginal French and Faglish population in the eastern provinees prefer ale,
andd in the provinee of Quebee the beer consumption is 909 ale and 109 lager.  In
“the western provinees the lager is the dominating heer and 16 is gaining ground all
over Canada each year.

4

Yy 1

YA~




c—

338 BEER AND BREWING

L ————

Bibliography

“Beer and Brewing” in KOT, 1at ed,, Vol 2, pp. 382-413, hy Lrik IKrabhe aned Teary Gaools, Bz
Brewing Company.

1. 1L L. Hind, Brewing: Scfence and Practice, Vols, ) and 2, John Wiley & Song, Ine., New York,
and Chapman and Hall, London, 1938-1940, Vol. 1, p. 67,

. 2, Ihid., p. 2064, ;
3.0, De Clerek, Lehrbuch der Bravered, Vol 1, Versuehs- und Lehranstalt T Branerei in Berlin, ;
ML, p. B4 i
4. HL Jorgensen, Brygguestern 17 (E1), 256 (1960), !
A, V. Berglund, Den Danske Leenedsieiddelindustri, Nordisle Yooandbogalorkys, Copenhagen, 1949,
p. 254, ,
G. B. Frolle, Beretning e Det 12 Skandinaviske Hryggeritekniske Meode, Den Skandinaviske !
Brypperhojskole, Copenhagen, 1959, 11, 1.
7. B. Iirause, Laerchag { Maltningens og Brygningens Teord, Tuborg-Tondet, Copenhugen, 1935, .
P 148, : .
R Tbid., p. 1Bk H
0, Ihid., p. 156. K
1y, . Trolle, Beretning om Det 11 Skandinavishe Brygueriteloniske Mlode, 1en Norske Birvggeri- ’;
forening, Osle, 1956, p. 165, *
. 1t. Ref. 7, p. 175-176. :
™ 12, 3. Trofle, Proceedings Srd Congress, Furapean Brewery Convealion, Brighion, 1951, INlsevier
Publishing Co., Amsterdam, p. 132,
13. Ref. 7, p. 205, ,
14, H. Fischer and G Taehs, Browmeelt Ausgabe I8 98, 1560-1862 (1058).
15, T Just and A. M. Herbsl, Braverei, Wissenchuaftliche Beilage, Versueha- und Tehranstalt fie
. DBrauerci in Berlin, 1954, pp. 123-120,
16, Union Carbide Beer Concentration Frocess, punphlet, Union Carbide Development Co,, Divigion ]
- of Union Carbide Corp., New York, 196G1.
17. Brewers Dig. 36 (4) (1961); Am. Brewer 94, 42 (1061), '
General References
. A, Wing, Beer Has a History, TIutehinson's Scientific and Technical Prublieations, London, pp. 11-15.
A Mentz and C0 1L Ostenfeld, Plantererdenen @ Mennoshets fenogte, Ciyldenkalske Boghuanlel,
Nomlisk Forlag, Copenlingen, 1906, psp. 33, 39, 434, 48, -
M. Weeks, Jr., Beer and Brewing in Awmariea, LS, Brewers Foundalion, New York, 1957,
Selaveizer Bierbraververein: Buropiiische Integrotion und dos If}'nu_r,rm.um'fm (in German, Freneh, and
Iinglish), Swiss Beer Brewing Arsacintion, Zuvich, (161,
!
Periodicals
Awmerivan Brewer !
Brewers Digest
Brewers' Guild Jowrwal (London)
Brauwwelt (Continuntion of Allgemeine Braver- und Hapfen-Zeiltung) (Nuremberg)
Schwetzer Braverel- Rundschan (Zuarich) ;
Svensk Dryggeritidskrift (Stockholm) M
M. It, Héyrur
Bryggeriforeningen, Copenhagen
. f
3
1
]
I

*
4 .
v
*
M






